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PREFACE. 


The  object  of  the  author  in  this  book  is  to  present  the  phi- 
losopliy  of  chemistry  in  such  a  form  that  it  can  be  made  with 
profit  the  subject  of  college  recitation?,  and  furnish  the  teacher 
with  the  means  of  testing  the  student's  faitlifolness  and  ability. 
With  this  view  the  subject  haa  been  developed  in  a  logical 
order,  and  the  principles  of  the  science  are  taught  indepen- 
dently of  the  experimental  evidence  on  which  they  rest.  It 
is  assumed  that  the  student  has  already  been  made  familiar 
with  this  evidence,  and  with  the  more  elementary  facts  which 
the  philosophy  of  the  science  attempts  to  interpret.  At  most 
of  our  American  colleges  tliis  instruction  is  given  in  a  course 
of  experimental  lectures  ;  but  for  less  mature  students  a  course 
of  manipulaiion  in  the  laboratory  will  be  found  a  far  more  effi- 
cient mode  of  teaching,  and  some  preliminary  training  of  this 
kind  ought  to  be  made  one  of  the  requisites  for  admission  to 
our  higher  institutions  of  learning.' 

This  book  is  intended  lo  supplement  such  a  course  of  prac- 
tical instruction.  It  defth  solely  with  the  theories  of  the 
eeience,  and  with  those  principles  which  ciui  only  be  acquired 
by  study  a'nd  application.  The  author  has  found  by  long 
experience  that  a  recitation  on  mere  facts,  or  descriptions  of 
apparatus  and  experiments,  is  to  the  great  mass  of  college 
undergraduates  all  but  worthless,  while  the  study  of  the  phi- 
losophy of  chemistry  may  be  made  highly  profitable  both  for 
instruction   and  discipline.      Moreover,  our  college  students 

1  FoFsuchatonrsflofpraotioalatadytho  student  can  desire  no  bettor  guide 
than  the  excellent  work  of  Professors  Eliot  and  Storer,  recently  pubhshed, 
"  A  Manuiil  of  Inopaanlo  Cliemisfry,  Kmrnged  to  faoilitufe  the  Eiperimentdl 
I>flmnnstroIioii  of  llie  FhoIs  and  Priociplea  of  Iho  Scleuc*.''  By  C,  W.  Eliol 
end  F.  H.  Storer.  New  York,  1868. 
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begin  the  study  of  physical  science  with  a  degree  of  maturity, 
and  a  kindof  mentul  cuhure,  wliich  enables  them  to  acquire  that 
limited  knowledge  and  general  view  of  the  subject,  for  which 
alone  they  have  time  and  occasion,  most  rapidly  when  it  is 
presented  in  a  condeni^ed  and  deductive  form.  The  author  has 
had  eipec  ally  v  ew  tl  s  class  of  student  and  has  endeav 
ored  to  meet  tl  e  r  wjn  s 

Houev  r  mpo  a  t  a  trt  n  ng  i  tie  mefhol  and  he  n 
duct  ve  lo^  c  of  nee  m  y  he  m  ts,  If  ons  d  red  t  woul  1 
be  va  n  and  un}  roll  al  le  lo  a  tempt  to  el  ang  h  1  ib  t*  of 
tl  ought  of  ho  e  ho  e  educaC  on  has  bee  almo  t  wholly 
clas  cal  and  who  are  p  epac  ng  herasel  es  for  a  profe  s  o  al 
or  1  erary  areer  I  ere  tl  ey  w  II  ha  e  oc  is  oa  to  ae  tl  e 
re  ults  n  ore  tl  in  ll  e  me  bods  of  sc  ence  On  he  o  her  1  and, 
we  fiad  at  our  tollers  a  not  mcon*iderible  portion  of  the  slu 
dents,  whoso  tistei  and  abilities  find  their  best  exerci  e  in  the 
study  of  naiuril  SLienee  ind  who  aie  prepinnij  (or  the  medi- 
cal profes".ion  or  other  spheres  of  practical  Ide  for  wluch  a 
training  of  the  powtin  of  observation  ind  of  inductive  retaon 
mg  la  an  indi-pensable  rtquisite  For  such  =tudeais  the  col- 
lege should  furnish  the  culture  they  require  in  a  course  of 
eleclne  studj  ,  but  beginning  the  study  of  chemistry  as  they 
do  in  the  present  oiganization  ot  our  college  ,  at  an  advinced 
stage  of  their  education,  thpy  will  gain  time  if  their  practical 
work  IS  preceded  or  at  lei-st  ac  impanied  by  the  study  of 
what  may  be  figurMiiely  cnlled  the  grammar  of  the  science 
Lastly,  to  thit  ever  increasing  class  of  students  who  seek  their 
mental  culture  solely  in  "  scientific  studies,"  the  philosophy  of 
science  is  especially  J mpo rf ant ;  for  in  an  exclusive  devotion  to 
facts  and  methods,  they  are  not  likely  to  gain  that  breadth  of 
view  and  enlargement  of  mind  which  the .  study  of  theory  is 
calculated  to  give.  In  all  experimental  science,  theory  U  un- 
doubtedly subordinate  to  practice,  but  it  gives  form  and  dignity 
to  our  knowledge,  and  the  two  should  never  be  divorced  in  our 
systems  of  education. 

The  value  of  problems  as  means  of  culture  and  tests  of  at- 
tainment can  hardly  be  overestimated,  and  they  have  therefore 
been  made  a  chief  feature  in  this  book.  Since  those  which 
are  here  given  are  chiefly  intended  as  guides  to  the  student, 
the  answers  have  always  been  added  ;  and  where  the  method 
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was  not  obvious,  Ihe  chief  steps  in  the  solution  have  been  given 
as  well.  Every  teaclier  will  be  able  tomuliiply  problems  after 
these  modeU  to  suit  hi^  own  requirements. 

The  questions,  which  accompany  the  probli^ms,  form  another 
essential  feature  in  the  plao  of  instruction  liere  presented. 
They  are  intended  not  only  to  direct  the  student's  attention  to 
the  most  important  points,  but  al^o  to  slimulnle  thought  by  sug- 
gesting inferences  to  which  the  principles  staled  legitimately 
lead. 

These  queation?i,  moreover,  will  indicate  to  the  teacher  the 
manner,  in  which  it  is  intended  that  the  book  should  be  studied. 
Care  should  be  taken  not  to  overstrain  the  memoi-j-,  but  to  dis- 
tribute the  necessary  burthen  through  many  lessons.  Thus,  for 
the  first  sevf  n  chaptera,  the  student  should  not  be  expected  to 
reproduce  the  symbol*  and  reactions,  nor  even  to  call  the  names 
of  the  substances  represented,  except  those  of  the  more  famil- 
iar elements  and  simplest  compounds.  It  will  he  sufficient  for 
the  time  if  he  understands  the  principles  which  the  symbols 
illustrate,  and  the  relations  of  the  parts  of  the  reactions,  al- 
though as  yet  these  conventional  signs  may  have  for  him  no 
more  definite  meaning  than  the  paradigms  of  a  gi-wnmar.  As 
he  advances  through  chapters  VIII.  and  IX.,  he  should  be 
expected  to  familiarize  himself  with  the  nsimes  of  the  com- 
pounds, and  should  begin  to  reproduce  the  symbols.  "When 
i-eciting  on  chapter  X.  he  should  be  called  upon  to  give  not 
only  the  names  of  all  the  symbols,  but  also  the  symbols  corre- 
sponding to  all  the  names,  and  so  on  for  the  rest  of  the  book. 
In  reviewing  the. book  a  full  knowleil^e  of  the  names  and  sym- 
bols will  be  of  course  expected  from  the  fir.^t.  The  questions 
and  problems  appended  to  each  chapter  will  give  the  student 
a  clear  idva  of  what  in  any  case  will  be  required.  The  author 
has  been  in  the  habit  of  writing  out,  for  his  own  cla^s,  similar 
problems  on  separata  cards,  together  with  the  names,  symbols, 
reactions  or  olhnr  daia,  which  may  in  any  case  be  git-en. 
These  cards  are  distributed  at  the  beginning  of  each  recitation, 
and  the  student  is  not  called  upon  to  recite  until  he  has  placed 
his  work  upon  the  blackboard.  This  plan  obviates  many  prac- 
tical difficulties,  and  has  been  found  to  work  with  great  success. 
The  philosophy  of  chemistry  has  been  developed  in  this 
book  according  to   the   "modern  theories";   and  the  author 
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would  acknowledge  liU  oblifrafions  to  the  recent  works  of 
Miller  Franklaad,  Naquet,  Rmme,  Williamson,  and  Wurtz, 
all  of  whiuli  he  lias  freely  consulted.  Careful  attention  has 
been  given  to  the  chemical  notation ;  and  a  inctliod  ha^  been 
devised  of  writing  rational  symbols,  which,  while  it  fully  ex- 
hibits the  relations  of  the  parts  of  the  molecule,  condenses  the 
formula,  and  saves  space  and  labor  in  printing.  From  a 
desire  to  secure  uniformity,  the  nomenclature  of  the  London 
Chemical  Society  has  been  adopted ;  but,  in  the  chapter  on  this 
subject,  the  old  names  are  given  with  the  new.  Lastly,  the 
metric  system  of  weights  and  measures,  and  the  centigrade 
Rcale  of  the  thermometer,  are  used  throughout  the  book. 

Cambridge,  December  1,  1SG3. 
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CHEMICAL   PHILOSOPHY. 


CHAPTER   I. 

INTRODUCTION'. 


1.  Definitions.  —  The  volume  of  a  bo^y  is  (he  space  it  fills, 
expressed  in  terms  of  an  assumed  unit  of  volume.  The  weight 
of  a  body,  as  the  word  js  used  in  chemistry  and  generally  in 
GommoD  life,  is  the  amount  of  material  which  the  body  con- 
tains compared  with  that  in  some  other  body  assumed  as  the 
unit  of  weight.  The  specific  gravity  of  a  body  is  the  ratio  of 
its  weight  to  that  of  an  equal  volume  of  some  substance  which 
bas  been  selected  as  the  standard.  Solids  and  liquids  are  al- 
ways compared  with  water  at  its  greatest  density,  which  is  at 
4°  cenirgrude,  and  hence  the  numbers  which  stand  for  their 
specific  gravities  express  how  many  times  hea%ier  Ihey  are 
than  an  equal  volume  of  water  at  thi^  temperature.  Gases, 
however,  are  most  conveniently  compa'i;ed  wilh  the  lightest  of 
all  known  forms  of  matter,  namely,  hydrogen,  and  in  this  book 
the  number  which  indicates  the  specific  gravity  of  a  fras  ex- 
presses how  many  times  heavier  it  is  than  an  equal  volume  of 
hydrogen,  compared  under  the  same  conditions  of  temperature 
and  pressure. 

2.  Volume  and  Weight.  —  All  esperimenlal  science  rests 
upon  accurate  measurements  of  the^e  fundamental  elements, 
and  it  is  therefore  very  important  that  there  should  be  a  gen- 
eral agreement  among  scientific  men  in  regard  to  them.     This 
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has  been  secured  by  the  almost  universal  adoption  of  the 
French  system  of  measures  and  weights  in  all  scientific  invea- 
tigations.  The  details  of  this  system  are  given  in  Table  I., 
and  they  require  no  further  explanation.  Its  great  advan- 
tage over  our  ordinary  English  system  is  not  only  in  Its  deci- 
mal subdivision,  but  also  in  the  simple  relation  which  exists 
between  the  units  of  measure  and  of  weight.  Since  the  unit 
of  weight  is  the  weight  of  the  unit  volume  of  water,  and  since 
the  specific  gravity  of  solids  and  liquids  is  always  referred  to 
water,  as  the  standard,  it  is  always  true  in  this  system  that 

W=  Vx  Sp.  Gr.  [1] 

If  the  volume  is  given  in  cubic  centimetres,  the  weight  ob- 
tained is  in  grammes;  hut  if  llie  volume  is  given  in  cubic  deci- 
metres or  hires,  the  weight  is  found  in  kilograinmes.  In  this 
formula,  Sp.  Gr.  stands  for  the  specific  gravity  referred  to 
water.  If  the  specific  gravity  is  referred  to  hydrogen,  as  in 
the  case  of  gases,  the  value  must  he  reduced  to  the  water- 
standard  before  using  it  in  the  formula.  The  reduciion  is, 
easily  made,  by  multiplying  by  0.0000896,  a  fraction  which 
is  simply  the  specific  gravity  of  hydrogen  itself  referred  to 
water.  Using  Sp.  Gr.  to  represent  the  specific  gravily  of  a 
gas  referred  to  hydrogen,  the  formula  becomes 

r=:  V  X  Sp.  Gr.  X  0.0000896,  [2] 

and  may  then  be  used  in  all  calculations  connected  with  the 
weight  and  volume  of  aeriform  bodies.  In  such  calculations,  in 
order  to  avoid  ihe  long  decimal  fractions  which  the  use  of  the 
gramme  entails,  Hofmann  has  proposed  to  introduce  into 
chemistry  a  new  unit  of  weight  which  he  calls  the  critk.  This 
unit  is  the  weight  of  one  cubic  decimetre  or  litre  of  hydrogen 
gas  at  the  standard  temperature  and  pressure,  and  is  equal  to 
0.0896  grammes.  If  now  we  estimate  the  weight  of  all  gases 
in  criths,  and  let  W  represent  this  weight,  while  IF  represents 
the  weight  in  grammes,  and  V  Ihe  volume  in  Hires,  we  shall 
also  have 

■W  =  V  X  Sp.  Gr.  and  W=  W  X  0.0896,      [3] 
and  all  problems  of  this  kind  will  then  he  reduced  to   their 
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The  specific  gravity  of  gases  is  also  frequently  referred  to 
dry  air,  which  for  many  reasons  is  a  conTenient  standard. 
The  weight  of  one  litre  of  air  under  standard  conditions  is 
1.293187  grammes.  Hence,  representing  specific  gravity  re- 
ferred to  air  by  3p.  ©r.  we  have 

Sp.  Gr.  :  0p.  ®r.  =  1.2032  :  0.080G, 

Sp.  Gr.  =  0p.®r.  X  14-42, 

and 

Sp.  ®r.  =  Sp.  Gr.  X  0.06929. 

3.  Chemistry  and  Physics. — Among  material  phenomena 
we  may  distinguish  two  classes.  First,  those  which  are  mani- 
fested without  a  loss  of  identity  in  the  substances  involved. 
Secondly,  those  which  are  attended  by  a  change  of  one  or 
more  of  the  materials  employed  into  new  substances.  The 
science  of  chemistry  deals  with  the  last  class  of  phenomena, 
that  of  physics  with  the  first,  and  hence  the  terms  chemical 
and  physical  phenomena.  An  illustration  will  make  this  dis- 
tinction plain.  When  a  bar  of  iron  is  drawn  out  into  wire,  is 
rolled  out  into  thin  leaves,  is  reduced  by  mechanical  means  to 
powder,  is  forged  into  various  shapes,  is  melted  and  cast  into 
moulds,  is  magnetized,  or  is  made  the  medium  of  an  electric 
current,  since  the  metal  does  not  in  any  case  lose  its  identity, 
the  phenomena  are  all  physical.  When,  on  the  other  hand, 
the  iron  bar  rusts  in  the  air,  is  burnt  at  the  blacksmith's  forge, 
or  is  dissoived  in  dilute  sulphuric  acid,  the  iron  is  converted 
into  a  new  substance,  iron  rust,  iron  cinders,  or  green  vitriol, 
and  the  phenomena  are  chemical.  The  distinction  between 
these  two  departments  of  human  knowledge  is  not,  however, 
so  strongly  marked  as  the  definition  would  seem  to  imply. 
In  fact  they  coalesce  at  many  points,  and  a  knowledge  of  the 
elements  of  physics  is  an  essential  preliminary  to  the  successful 
study  of  chemistry.  In  the  following  pages  it  will  be  assumed 
that  the  student  is  acquainted  with  the  most  elementary  princi- 
ples of  this  science,  and  references  will  be  made  to  the  sections 
of  the  author's  work  on  Chemical  Physics.  The  same  rela- 
tion which  physics  bears  to  chemistry  on  the  one  side,  chemis- 
try bears  to  physiology  and  the  natural-history  b<  ' 
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Questions  and  Problems. 

1.  Ee<!uce  by  Table  I.  at  the  end  of  the  book, 

30  Indies  to  (raclionsof  ametre.  Ana.  0.7619metre. 

76  Centiinetrea  to  iiithea.  Aia.  29.92  inches. 

36  Kilometres  to  miles.  Ans.  22.3,8  miles. 

10  Metres  to  feet  and  inches,  Ans.  32  ft-  3.7  inches. 

1  Cubic  metre  to  quarts.  Ans.  8S0.66  quarts. 

1  Cubic  foot  to  litres.  Ans.  28.31  litres, 

1  Pint  to  cable  centiraetres.  Ana.  567  8  c,  uT.' 

1  Litre  to  cubic  inches.  Ana.  61.027  cubic  inchea. 

1  Pounil  Avoirdujiois  to  grammes.  Ans.  453.6  grammps. 

1  Kilogramme  to  ounces  avoirdupois.  Ans.  35.27  ounces. 

I  Ounce  to  grammes,  Ans.  28.33  grammes. 

2.  If  the  globe  were  a.  perfect  sphere  what  would  be  the  ciroum- 
fereace  and  vfhat  the  diameter  in  kilometres  ? 

Ana.  Circumference  40,000  kilometres, 
Diameter  12,732.4      " 

■  3.  The  length  of  the  metre  was  determined  by  measuring  the  dis- 
tance between  Dunkirk  (in  France),  Latitude  51°  2'  9"  and  For- 
mentera  (one  of  the  Balearic  Islands),  Latitude  38°  39'  56",  both 
on  the  same  meridian.  This  distance  was  found  by  triangulation  to 
be  equal  lo  730,430  toiaea.  What  is  the  length  of  a  metre  in  terms 
of  this  old  French  unit  of  measure  ?  What,  also,  was  the  length 
measured  in  English  miles?  No  account  is  to  be  taken  of  the  ellip- 
ticity  of  the  earth,  Ans.  The  metre,  0.5314  toise. 

The  length  waa.851  miles. 
i.  The  Sp.  Gr.  of  iron  is  7.84.     What  is  the  weight  of  10  c.  m,* 
of  the  metal  in  grammes?     What  is  also  Ihe  weight  in  kilogrammes 
of  a  sphere  of  iron  whose  diameter  equals  one  decimetre  V 

Ans,  78,4  grammes  and  4.105  kilogrammes. 

5.  What  is  the  weight  in  grammes  of  50  cTilf."  of  oil  of  vitriol, 
when  the  Sp.  Gr.  of  the  liquid  is  1.8?  Ans.  90  grammes. 

6.  The  Sp.  Gr.  of  alcohol  bring  0,8,  what  volume  in  litres  would 
weigh  7.2  kilc^ammea?  Ans.  9  litres. 

7.  Assuming  that  the  earth  is  spherical,  and  its  mean  Sp.  Gr.  5.67, 
what  would  be  its  weight,  using  as  the  unit  of  weight  a  kilometre 
cube  of  water  at  its  greatest  density?         Ans.  6,130,000,000,000, 

8.  Determine  the  Sp.  Gr.  of  absolute  alcohol  from  the  following 
data:  — weight  of  empty  bottle  4.326;  weight  of  same  filled  with 
water  19.654  ;  weight  of  same  filled  with  alcohol  16.741. 

Ans.  0.8095. 
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9.  Determine  the  S/j.  Gr.  of  lea<l  from:  — weight  of  empty  bottle 
^.326  ;  weiglit  of  same  filled  with  water  I9.G54  ;  weigbl  of  lead  shot 
15.4S6 ;  wciglit  of  bottle  filled  in  part  with  tlie  shot  and  the  rest 
with  water  33.76G,  Ans,  11.5. 

10.  Determine  the  Sp.  Gr.  of  iron  from:  —  weight  of  iron  in  sii 
3.92;  weight  under  water  3.42.  Ans.  7.84. 

11.  Determine  Sp.  Gr.  of  wood  from:  —  weight  of  wood  in  air 
25.35;  weight  of  eopper  sinker  in  air  II  ;  weight  of  same  under 
water  9.77 ;  weight  of  wood  with  sinker  under  water  5.10  grammeB. 

Ana.  0,8446. 

12.  How  much  volume  must  a  hollow  sphere  of  copper  hare, 
weighing  one  kilogramme,  which  will  just  float  in  water  V  What 
must  be  the  volume  of  the  copper  ? 

Ana.  One  cubic  decimetre  and  111.8  u.  ui.° 

13.  How  much  volume  must  a  hollow  cylinder  of  iron  have,  which 
weighs  1 0  kil(^rammes  and  sinks  one  half  in  water,  and  what  must 
be  the  volume  of  the  metal  ?   Ans.  20  and  1.376  cubic  decimetres. 

14.  What  is  the  weight  in  grammes  (under  standard  conditions) 
of  128  c7m.°  of  oxygen  gas  (Sp.  Gr.  =  16)? 

Ans.  0.1834  grammes. 

15.  How  many  litres  of  carbonic  anhydride  gas  (Sp.  Gr.  =  22) 
would  weigh  (under  normal  condiljons)  4.480  kilogrammes? 

Ans.  2274  litres. 

16.  Solve  the  last  two  problems  by  [3],  and  show  in  what  respect 
the  method  differs  from  that  indicated  by  [2]. 

1 7.  What  is  the  weight  in  eriths  (under  standard  conditions)  of 
one  litre  of  nitrogen  gas  (Sp.  Gr.  =  14),  of  one  litre  of  chlorine  gas 
(Sp.  Gr.  —  35.S),  of  one  litre  of  marsh  pas  (Sp.  Gr.  =  8),  and  of 
<Mie  litre  of  ammonia  gas  (Sp,  Gr.  =  8.5)  ? 

Ans.  14,  35.5,  8,  and  8.5  eriths  respectively. 

18.  What  la  the  weight  in  grammes  of  one  litre  of  each  of  the 
same  gases  under  the  same  conditions  1 

Ans.  1.254,  3.180,  0.7165,  and  0.7617  respectively. 

19.  The  weight  of  one  litre  of  hydrochloric  acid  gas  is  1,642 
grammes  ;  of  carbonic  oxide  gas  1.2500  grammes ;  of  cyanogen  gas 
2,335  grammes,  and  of  hydrogen  gas  0.0896  grammes.  What  is  the 
specific  gravity  of  each  of  these  gases  referred  to  air  ? 

Ans.  1.270,  0.9665,  1.806,  and  0,0693  respectively. 

20.  What  is  the  volume  (under  standard  conditions)  of  12.54 
grammes  of  nitrogen  gas,  when  specific  gravity  referred  to  air  is 
0.9703?  Ans.  10  litres. 


oy  Google 


6  INTRODUCTION. 

21.  What  is  the  weight  of  one  litre  of  air  in  criths? 

Ana.  14.42. 

22.  What  would  b«  the  asoenaio  al  f  f  on    Uiousand  litres 
of  hydrogen,  under  normal  conditio      I 

Aus.  The  ascensional  force  is  th  d  ff  ren  between  the  weight 
of  the  hydrogen  and  tbat  f  tb  a  d  |  la  eil.  Hence  in 
the  present  example,  the  a-  n  nal  f  would  be  14,420 
—  1000  =  13420  critha,o    1    UI        mm 

23.  What  ia  the  value  of  a  crith  in  grains,  English  weight. 

Ana.  1.382  grains. 
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CHAPTER   II. 

PUKDAMENTAL   CHEMICAL  RELATIONS. 

4.  Compounds  and  Elements. — With  sixty-three  exceptions, 
all  known  substances,'  b^  various  cliemicat  processes,  may 
be  decomposeil,  and  hence  are  called  chemical  compounds; 
while  the  sixty-three  substances  which  have  as  yet  never 
been  resolved  into  simpler  parts  are  called  chemical  elements. 
There  is  some  reason  for  believing  that  many,  if  not  all,  of 
these  elementary  substances  may  hereafter  be  decompoaed,  and 
hence  they  can  only  be  considered  chemical  elements  provis- 
ionally ;  but,  however  this  may  be,  all  known  materials  may  still 
be  regarded  as  formed  by  the  union  of  the  particles  of  one  or 
more  of  ihese  sixty-three  substances.  A  list  of  the  chemical 
elements  is  given  in  Table  II.  The  names  of  the  more  abun- 
dant or  otherwise  more  important  elements  are  printed  in  fio- 
man  letters.  The  others  are  very  rare  substances,  and  are 
practically  unimportant.  Of  these  elementary  substances  more 
than  three  fourths  possess  metallic  properties,  and  among  them 
are  all  the  useful  metals,  including  the  liquid  metal  mercury, 
The  rest  present  every  variety  of  physical  character.  Oxygen, 
hydrogen,  and  nitrogen  are  permanent  gases.  Chlorine,  and 
probably  fluorine,  tljough  gases  under  ordinary  conditions,  may 
by  pressure  and  cold  be  condensed  to  liquids.  Bromine  is  a 
very  volatile  liquid ;  and  among  the  solids  we  have  every  gra- 
dation between  the  highly  volatile  iodine,  or  the  easily  fusible 
phosphorus,  on  the  one  hand,  and  carbon,  which  has  never 
even  been  melted,  on  the  other.  We  find,  also,  among  the  ele- 
ments every  difference  as  regards  density.  Hydrogen  gas  is 
the  lightest,  and  the  metal  platinum  the  heaviest  snbstance 
known.  Several  of  the  elementary  substances  occur  in  a  free 
stale  in  nature,  for  example,  oxygen  and  nitrogen  in  the  at- 
mosphere, carbon  in  the  coal  beds,  sulphur  in  the  neighborhood 
of  active  volcanoes,  iron  in  meteoric  stones,  while  arsenic,  an- 
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timony,  bismuth,  copper,  gold,  silver,  mercury,  and  platinum, 
with  a  few  other  rare  associates,  are  sometimea  found  in  a 
more  or  less  pure  slate  in  melailic  veins.  Gold  and  platinum 
are  usually  found  in  a  free  condition,  though  as  a  rule  -lightly 
alloyed  with  their  associated  melnla  ;  hut  all  the  other  elements 
are  generally  found  in  combination,  and  the  greater  number 
appear  in  nature  only  in  this  condition.  From  such  compounds 
the  elements  may  be  extracted  by  various  cliemicil  pro  es-ee, 
which  will  appear  as  we  proceed.  Among  these  elements  the 
useful  metals  are  the  tools  of  civilization,  carbon  is  our  uni- 
versal fuel,  while  sulphur,  phosphorus,- arsenic,  chlorine,  bro- 
mine, and  iodine  have  found  important  applications  in  the  arts, 
and  are  therefore  articles  of  commerce ;  but  the  greater  number 
of  the  elements  are  only  to  be  seen  in  the  chemist's  laboratory, 
and  are  solely  objects  of  chemical  investigation.  The  elements 
are  disiiibuted  in  nature  in  very  unequal  proportions.  At 
least  one  half  of  the  solid  crust  of  the  globe,  eight  ninths  of 
the  water  on  its  surface,  and  one  fifth  of  the  atmosphere  which 
surrounds  it,  consist  of  the  one  element,  oxygen.  Moreover, 
the  other  elements  are  usually  found  in  combination  with 
oxygen,  so  that  oxygen  may  he  regarded  as  the  cement  by 
which  these  elementary  parts  of  the  world  are  held  together. 
JTest  in  abundance  is  silicon,  which,  after  oxygen,  is  the  chief 
constituent  of  the  rocks,  and  makes  up  about  one  fourth  of  the 
earth's  crust.  Silicon  is  always  found  combined  with  oxygen, 
and  more  than  one  half  of  the  oxygen  of  tlie  globe  is  in  eom- 
biaation  with  this  element.  Hence,  the  compound  of  the  two, 
which  we  call  silica  or  quartz,  must  make  up  more  than  one 
half  of  our  solid  globe,  at  least  as  far  as  its  composition  is 
known.  After  silicon  in  the  order  of  abundance  would  follow 
the  elements  aluminum,  calcium,  magnesium,  potassium,  so- 
dium, iron,  carbon,  sulphur,  hydrogen,  chlorine,  nitrogen, 
which,  without  attempting  to  discriminate  between  them,  make 
up  altogether  very  nearly  the  other  fourth  of  the  eartli's  mass; 
for  the  remaining  iifty  elements  —  including  all  the  useful 
metals  except  iron  —  do  not  constitute  altogether  more  than 
one  one-hundredth.  Of  the  sixty-three  known  elements,  then, 
thirteen  alone  make  up  at  least  ^^^  of  the  whole  known  mass 
of  the  earth. 

5.  Anali/iis  and  Synthesis.  — The  composition  of  a  chemical 
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compound  may  be  maiie  evident  in  two  ways.  First,  by  break- 
ing up  the  compound  into  its  constituent  parts ;  secondly,  by 
reuniting  these  parts  and  reproducing  the  original  substance. 
The  fir  t  of  iheoe  methods  of  proof  is  called  analysis,  Ibe  sec- 
ond si/nlhesis  The  study  of  the  processes  by  which  the  com- 
position of  >  body  may  be  discovered,  and  the  relative  amounts 
of  its  \ariou3  Lonstituents  determined,  forms  an  important 
branch  ot  practical  chemistry,  which  is  known  aa  Chemical 
Analysis,  and  tliia  is  subdivided  into  Qualitative  and  Quantita- 
tive Analysis,  according  to  the  object  we  have  in  view.  Syn- 
thesis is  chiefly  used  to  prove  the  results  of  analysis. 

6.  Lav!  of  Definite  Proportions.  —  Numberless  analyses 
have  proved  that  any  given  chemical  compound  always  contains 
the  same  elements  combined  in  the  same  proportions.  Thus, 
when  we  analyze  water,  sugar,  and  salt,  we  always  obtain  the 
result  given  below ;  and  tills  result  is  invai'iable,  saving  small 
errors  of  observation,  from  whatever  source  these  materials 
may  be  drawn.  Tlie  composition  is  given  in  per  cents,  as  is 
usual  in  such  cases. 

Water  (DiunnE).  Salt.  Sugar  (PiligotJ, 

Hydrogen,  11.112  Sodium,    39.32  Carbon,      42.08 

Oxygen,     83.888  Chlorine,  G0.G8  Hvdn^en,    6.50 

Oxygen,     51.44 

lOo!  100.  100. 

Chemists  have  not  yet  succeeded  in  making  sugar  by  com- 
bining its  elements,  but  the  synthesis  both  of  water  and  salt  is 
easily  effected,  and  illustrates  slill  more  forcibly  the  same  law. 
Thus  we  may  mix  together  hydrogljn  and  oxygen  gas  in  any 
proportion,  but  when,  by  passing  an  electric  spark  through  the 
mixlui-e,  we  cause  the  elements  to  combine,  then  the  gases 
unite  in  the  exact  proportion  indicated  above,  and  any  excess 
of  one  or  the  other  which  may  be  present  is  left  over.  The 
law  of  definite  proportions  gives  to  chemistry  a  mathematical 
basis ;  for,  since  the  analyses  of  all  compounds  have  been  made 
and  tabulated  in  a  way  that  will  be  soon  explained,  it  is  always 
possible,  when  the  weight  of  a  compound  is  given,  io  calculate 
the  weights  of  its  constituents,  and,  when  the  weight  of  one  of 
its  elements  is  known,  to  calculate  the  weights  of  all  the  other 


oy  Google 


10  FUNDAMENTAL   CHEMICAL  RELATIONS. 

7.  Mixture  and  Chemical  Compound.  —  The  law  of  definite 
proporlions  gives  a  simple  criterioD  for  distingu itching  between 
a  mixture  and  a  true  clieinical  compound.  In  ihe  firj^t  llie  ele* 
menta  may  be  mixed  in  any  proportion,  but  in  iho  true  com- 
pound they  are  always  combined  in  definite  proportions.  Thus 
we  may  mix  together  copper-filings  and  sulphur  in  any  propor- 
tion, but  as  soon  as  we  apply  heat,  and  cause  the  elements  io 
combine,  then  the  copper  combines  with  one  half  of  its  own 
weight  of  sulphur,  and  the  excess  of  either  element  above 
these  proportions  is  discarded.  Again,  in  a  mixture  however 
homogeneous,  we  can  generally,  by  mechanical  means  alone, 
distinguish  the  ingredients.  Thus,  in  the  mixture  just  referred 
to,  a  microscope  would  show  the  grains  of  sulphur  anii  metallic 
copper,  with  all  tlieir  characteristic  appearances ;  and  by  means 
of  carbonic  sulphide  we  can  easily  dissolve  out  oil  the  sulphur 
from  the  mixture;  but  after  the  chemical  union  has  taken 
place,  the  characteristic  properties  of  the  elements  are  merged 
in  those  of  the  compound,  and  no  such  simple  mechanical  sep- 
aration is  possible.  But  although  these  distinctions  are  gener- 
ally sufficient,  nevertheless  we  find  in  some  alloys,  in  solutions, 
and  in  a  few  other  classes  of  compounds,  less  intimate  condi- 
tions of  chemical  union  where  these  criterlons  fail. 

8.  Lav>  of  Multiple  Proporlions. — It  is  generally  the  case 
that  the  same  elements  unite  in  more  than  one  proportion,  form- 
ing two  or  more  different  compounds.  Now  we  always  find 
that  the  proportions  of  (he  elements  in  such  compounds  are 
simple  multiples  of  each  other.  This  law  is  best  illustrated 
by  the  compounds  of  nitrogen  and  oxygen,  which  are  five  in 
number,  and  have  the  names  indicated  in  the  table  below.  In 
order  to  make  evident  the  law,  we  give,  not  ihe  percentage 
composition  as  above,  but  the  amount  of  oxygen,  which  is  in 
each  case  combined  with  one  and  three  fourths  parts  of  nitro- 
gen. 

COMPOUNDS  OF  NITROGEN  WITH  OXYGEN. 

Bj  nrigbi.  By  wdght.       By  Tolam*.  By  Tolnjne. 
Kitrous  Oxide,                  1.75                 12  1 

Fitric  Oxide,  1.75  2  2  2 

Mitrous  Anhydride,  1.75  3  2  3 

Sitric  reroxide,  1.75  4  2  4 

Mitric  Anhydride,  1.75  6  2  5 
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MOLECULES, 

9.  Molecules.  —  In  order  to  bring  the  facts  of  cliemistry  into 
relation  with  each  other,  and  unite  ihem  in  an  harmonious  sys- 
tem, the  following  theory,  first  proposed  by  the  English  chemist, 
Dalton,  and  known  as  the  Atomic  Theory,  is  generally  accepted 
by  chemists.  This  theory  assames,  in  the  first  place,  (hat  every 
body  whatever  its  substance  may  be,  is  formed  by  the  aggre- 
g^ton  of  minute  pa,rlicles  of  the  same  kind,  which  cannot  be 
fu  tl  er  B  bdivided  without  destroying  the  identity  of  the  sub- 
stance Thus  a  lump  of  sugar  is  an  aggregate  of  minute 
pa  t  1  of  sugar.  If  the  sugar  is  burnt,  these  particles  will 
be  fu  Iher  subdivided ;  but  the  sugar  wilt  be  thus  changed  into 
Dew  sub  ances.  In  like  manner,  a  di'op  of  water  is  an  aggre- 
gate of  minute  particles  of  water.  By  passing  a  current  of 
electricity  through  the  drop,  these  particles  will  be  subdivided, 
but  then  we  shall  have  no  longer  water,  but  the  two  elemen- 
tary gases,  oxygen  and  hydrogen.  TA^  smallest  particles  of 
atty  substance  which  can  exist  Ig  themselves,  toe  call  molecules. 

10.  Physical  Properties  of  Matter.  —  The  physical  qualitiea 
of  a  body  depend  solely  on  llie  relations  of  its  molecules.  The 
physicist  has  therefore  no  occasion  to  continue  tbe  subdivision 
beyond  the  molecule,  which  is  his  unit. 

Solid.  —  In  a  solid  the  molecules  firmly  cohere,  and  the 
force  which  binds  them  together  has  been  called  cohesion.  On 
the  form  and  size  of  the  molecules,  and  also  on  the  mode  of 
aggregation,  is  supposed  to  depend  the  crystalline  form  of  each 
substance,  which  is  one  of  the  most  important  and  character- 
istic properties  of  matier,  and  one  to  which  we  shall  have 
occasion  hereafter  to  refer.  On  certain  relations  of  the  mole- 
cules, which  we  do  not  fully  understand,  depend  undoubtedly 
elasticity,  tenacity,  ductility  or  malleability,  hardness,  transpar- 
ency, diathermancy,  and  the  allied  qualities  of  solid  bodies. 
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Liquid.  —  In  the  liquid  conditiga  of  matter  the  molecules 
have  more  freedom  of  motion  ihan  in  the  solid,  but  still  the 
motion  is  circumscribed  within  the  liquid  mass.  Moreover,  a 
certain  cohesion  still  exists  between  the  molecules,  and  on  this 
depends  the  form  of  ihe  rain-drop.  The  various  phenomena 
of  capillary  action  also  are  efFecls  of  the  eohesioti  of  the  liquid 
moiecules  modiRed  by  their  adhesion  (o  the  surfaces  of  solids, 
and  the  solvent  jiower  of  liquids  is  a  still  further  effect  of  the 
same  mutual  action.  Connected  also  with  this  freedom  of 
molecular  motion  is  the  property  of  liquids  of  transmitting 
pressure  in  all  directions,  and  the  well-known  principles  of 
hydrostatics  to  which  it  leads;  but  this  property  belongs  to 
the  third  condition  of  matter  as  well. 

Gas.  —  In  Ihe  aeriform  condition  of  matter,  the  motion  of 
the  molecules  is  only  circumscribed  by  the  walla  of  the  con- 
taining vessel,  or  by  some  force  acting  on  the  mass  from  with- 
out. The  molecules  of  a  gas  are  constantly  beating  against 
the  waifs  which  confine  them,  and  were  they  not  thus  restrained 
would  fly  off  into  space.  The  molecules  of  the  atmosphere 
are  restrained  by  the  force  of  gravitation,  and,  as  they  fly  up- 
wards like  a  ball  throu'n  into  the  air,  they  are  at  last  biMught 
to  rest,  and  fall  back  again  to  the  earth.  Hence  gases  always 
exert  pressure  against  any  surface  with  ivhieh  they  are  in  con- 
tact, and  we  measure  the  pressure,  or,  as  we  frequently  call  it, 
the  tension  of  the  gas,  by  the  height  to  which  it  will  raise  a 
column  of  mercury.  Chera.  Phya.  (158).  The  instrument 
used  for  this  purpose  is  called  a  barometer. 

The  height  of  the  mercury  column  which  represents  the 
pressure  or  tension  of  a  gas  is  always  represented  by  M. 

In  our  latitude,  at  the  surface  of  the  sea,  the  atmosphere  in 
its  normal  conditions  will  raise  a  column  of  mercury  76  c.  m. 
high.  Hence  H  =  7G,  and  to  this  standard  we  always  refer  in 
comparing  together  the  volumes  of  different  gases. 

11.  JlfarioUe's  Law.  —  The  most  characterislic  feature  of 
the  aeriform  condition  is  the  great  change  of  volunie  which 
gases  undergo,  under  varying  pressure,  and  the  special  law 
of  compressibility  which  they  obey.  If  we  represent  by  H 
and  //'  two  conditions  of  pressure  to  which  the  tame  body  of 
gas  is  at  different  times  exposed,  then  the  law  is  expressed  by 
the  formula 

V:  V  =  H':ff.  [4] 
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Moreover,  tince  the  specific  gravify  of  a  given  mass  of  gas 
must  be  ibe  greater  t!ie  less  ita  volume,  it  is  also  ti'ue  that 
Sp.  Gr.  :  4..  Gr'.  =  H  .■  H\  [5] 

and  lastly,  since  the  iveiglit  of  a  given  volume  of  gas  is  obvi- 
ously proportional  to  its  specific  gravity,  »e  also  La^e 

W:  W'^U.H',  [G] 

in  wliich  W  and  W'  represent  the  weight  of  an  equal  volume 
of  the  same  gas  under  the  two  pressui-es  ^and  JJ'. 

12.  Heat  a  Maaifeslation  of  Mokcttlar  Motion.  —  The 
effects  of  what  we  call  heat  are  supposed  (o  be  merely  mani- 
festations of  the  motion  of  the  molecules  of  bodies.  The 
greater  the  moving  power  of  the  molecule,  the  more  forcibly  it 
strikes  against  our  nerves  of  feeling,  and  hence  the  more  in- 
tense IS  the  sensation  o£  heat  produced  ;  and  to  the  condition 
of  matter  whidi  produces  this  sensation  we  give  the  name  of 
tempfraiure  The  greater  the  moving  power  of  the  molecules, 
the  higher  the  temperature;  the  less  ttie  moving  power,  the 
lower  the  temperature.  Moreover,  since  by  the  very  defini- 
tion all  molecuks  at  the  same  temperature  are  in  the  condition 
to  produce  the  same  sensation  of  heat,  we  must  assume  further, 
that,  whatever  their  size  or  weight,  they  must  all  have,  at  the 
same  temperature,  the  same  moving  power.  The  light  mole- 
cule of  hydrogen  must  move  much  faster  than  the  heavy  mole- 
cule of  cai-bonic  aujiydride  in  order  to  produce  the  same  effect. 
If  now  we  represent  the  mass  of  any  molecule  by  m,  and  by  V 
its  velocity  al  any  given  temperature,  then  the  moving  power 
will  be  represented  by  Jm  V\  Chem.  Phys.  (42),  and  this  will 
have  the  same  value  for  every  molecule  at  tlie  same  tempera- 
ture. With  a  few  exceptions,  all  bodies  expand  with  an  in- 
creasing temperature,  and  in  the  case  of  mercury  the  change 
of  volume  is  so  nearly  proportional  to  the  change  of  tempera- 
ture that  we  may  use  the  varying  volume  of  a  confined  mass 
of  this  liquid  as  a  measure  of  temperature.  This  is  the  sim- 
ple theory  of  the  common  mercurial  thermometer,  and  in  this 
book  we  shall  refer  all  temperatures  to  the  degrees  of  tlie  cen- 
tigrade scale.  These  degrees  are  purely  arbitrary;  but  to 
each  one  corresponds  a  definite  value  of  ^m  V,  although  we 
have  not  as  yet  been  able  to  connect  our  arbitrary  with  our 
theoretical 
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"When  we  increase  the  femperature  of  a  body,  we  must  of 
course  increase  the  moving  power  of  all  ihe  molecules,  each  by 
the  same  amounl,  and  Ihe  sum  of  the  moving  powers  which 
they  thus  acquire  is  the  legitimate  measure  of  the  amount  of 
heat  which  the  body  receives.  Hence,  while  ^m  V  represents 
the  temperature  of  a  body,  S  Jm  V^  represenls  the  whole 
amount  of  heat  which  it  contains.  Practically,  liowever,  we 
measure  quantity  of  heat  by  an  arbitrary  standard,  and  we 
shall  use  in  this  book  as  our  unit  the  amount  of  heat  required 
to  raise  the  temperature  of  a  kilogramme  of  pure  water  from 
0"  to  1°  centigrade.  This  we  call  the  Unit  of  Heat,  and  it 
has  been  found,  by  careful  experiments,  that  this  unit  of  heat 
represents  an  amount  of  moving  power  which  is  adequate  to 
raise  a  weight  of  423  kilogrammes  one  metre,  or  to  do  any 
other  equivalent  amount  of  work. 

13.  Expansion  bij  Heat.  —  The  amount  of  expansion  which 
bodies  undei'go  when  lieated  has  been  carefully  mea'^ured  for 
many  difierent  substances,  and  the  resuhs  are  tubulated  in  all 
works  on  physics.  Chem.  Phys.  Table  XV,  In  each  case  is 
given  the  coefficient  of  expansion,  which  is  the  small  fraetioa 
of  its  volume  which  a  body  increases  when  heated  one  centi- 
grade degree.  If,  now,  A' represents  this  fraction,  Ftbe  initial 
volume,  V'  the  new  volume,  (  the  initial  temperature,  and  P 
the  new  temperature,  then,  if  we  assume  that  the  expansion  is 
proportional  to  the  temperature,  we  easily  deduce  ihe  formula, 
Chem.  Phys.  (230), 

V'=V{\-^K{t'-t)).  [7] 

This  formula  serves  to  calculate  the  change  of  volume  both 
of  solids  and  gases,  which  expand,  nearly  at  least,  proportion- 
ally to  the  temperature.  The  same,  however,  is  not  true  of 
liquids,  whose  rate  of  expansion  frequently  increases,  with  the 
temperature,  very  rapidly  ;  and  for  such  bodies  we  are  obliged 
to  use  the  following  formula,  which  is  of  the  general  form  in 
which  every  algebraic  function  may  be  developed,  and  is  much 
less  flimpie :  — 

F'  =  r  (1  -f  At  +  Bf  +  CC  +  ^c).       [8] 

In  this  formula,  V'  represents  the  required  volume  at  some 
temperature,  (,  and  V,  the  volume  at  0°,  which  is  assumed  lo 
be  known  ;  while  A,  B,  C,  &c.,  are  numerical  constants,  which 
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have  been  determineiJ  by  experiment  in  tbe  case  of  most  liquids. 
Chem.  PLys.  (255). 

Both  solids  and  liquids  expand  with  irresistible  force,  and 
we  have,  therefore,  only  thia  one  effti;!  lo  eonsidei"  in  regard  to 
the  action  of  heat  upon  them.  It  is  different,  however,  with 
gases.  By  enclosing  a  gas  in  a  tight  vessei,  we  can  raise  its 
temperature  witiiout  changing  its  volume,  except  so  fur  as  the 
vessel  itself  becomes  enlarged  by  the  heat.  Tbe  effect  of  the 
heat  is,  iben,  to  increase  tbe  tension  or  pressure  of  the  gas. 
Hence,  in  the  case  of  a  gas,  we  may  have  two  distioct  effects ; 
first,  an  increase  of  volume,  when  the  pressure  is  constant; 
secondly,  an  increase  of  tension,  when  the  volume  is  conslant. 
The  increased  volume  may  always  be  calculated  from  the  in- 
itial volume  and  difference  of  temperature,  by  means  of  the 
formula, 

V—  V{1  +  0.003CC  (('  _  ()},  [9] 

which  differs  from  that  just  given  only  in  that  tbe  rnmerical 
value  has  been  substituted  for  K,  —  this  being  the  same  for  all 
gases.  On  the  other  hand,  the  increased  tension  may  always 
be  calculated  fj-om  tbe  initial  tension,  by  means  of  the  corre- 
sponding formula, 

II'  =  H(l  +  0.003G6  (('  —  ()),  [10] 

in  which  ^and  ff'  stand  for  the  heights  of  the  mercury  col- 
umns which  measure  the  initial  and  final  tension  reppeclively. 
The  last  formula  is  easily  deduced  from  the  first,  on  tbe  prin- 
ciples of  Mariotte's  law,  staled  above.  Chem.  Phys.  (201) 
and  [201]. 

Variations  of  temperature  produce  such  important  changes 
in  the  volume  and  specific  gravity  of  all  bodies,  and  especially 
of  gases,  ibat  it  becomes  frequently  essential,  before  compar- 
ing together  different  observations,  to  reduce  them  all  to  some 
standard  temperature.  Most  scientific  men  use,  as  this  stand- 
ard temperature,  0°  centigrade,  and  scientific  measures  are 
generally  adjusted  to  this  standard  ;  but  C0°  Fahrenheit,  corre- 
sponding to  15°.5  centigrade,  is  often  a  more  convenient  stand- 
ard, because  it  is  nearer  tbe  mean  temperature  of  t!ie  air,  and 
is,  therefore,  not  un frequently  employed. 

14.    Change  of  Stale.  —  Many  substances  are  capable  of  ex- 
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isiing  in  all  the  three  conditions  of  matter.  Now,  we  find  that 
whenever  a  solid  chungea  to  &  h'quid,  or  a  liquid  to  u  gas,  heat 
is  absorbed ;  and  conversely,  whenever  a  gas  is  Itquefied,  or  a 
liquid  becomes  a  solid,  heat  is  evolved ;  although,  as  a  general 
rule,  this  change  of  state  is  accompanied  by  no  change  of  tem- 
perature. Thus,  one  kilogramme  of  ice,  in  melting,  absorbs 
79  units  of  heat,  although  the  temperature  remains  at  0"  dur- 
ing the  change ;  and  when,  by  boiling,  a  kilogramme  of  water 
is  converted  into  steam,  under  the  norma!  pressure  of  the  air, 
DO  less  than  537  units  of  heat  disappear,  although  the  tem- 
perature both  of  the  steam  and  of  the  water  is  constant  at  100' 
during  the  whole  period.  On  ibe  other  hand,  when  the  steam 
is  condensed  or  the  water  frozen,  absolute]/  the  same  amount 
of  heat  is  set  free  as  was  before  absorbed.  The  heat  ihus  ab- 
sorbed or  set  free  is  generally  called  the  lalenl  heat  of  the  liquid 
or  gas,  and  in  the  case  of  many  substances  the  amount  has 
been  carefully  measured.  Chem.  Phys.  (277)  and  (299).  Ac- 
cording to  the  theory  we  are  studying,  these  effects  are  the 
direct  results  of  the  molecular  condition  of  matter.  The  change 
of  slate  must  be  accompanied  by  a  change  in  the  relative  position 
of  the  molecules,  or  in  their  distance  from  each  other ;  and  this 
change,  in  iia  turn,  most  be  attended  with  a  destruction  or  pro- 
duction of  the  moving  power  on  which  the  effects  of  heat  de- 
pend.   Chem.  Phys.  (215  bis.). 

15.  Sources  of  Heal.  —  The  sun  is  the  original  source  of 
almost  all  the  heat  we  enjoy  on  the  earth,  for  the  eiFect  of  the 
earth's  internal  heat,  at  its  surface,  is  at  best  very  small,  — 
and  all  our  artificial  sources  of  heat  have  drawn  their  supply 
either  directly  or  indirectly  from  (he  great  central  luminary. 
According  to  our  theory  the  effect  of  the  sun's  rays  is  a  simple 
result  of  the  transfer  of  molecular  motion  from  the  sun  to 
the  earth,  either  by  some  unknown  influeuce  exerted  from  a 
distance,  or  else  by  an  actual  transfer  of  motion  through  (be 
material  particles  of  the  ether,  which  is  assumed  to  fill  the  in- 
tervening space.  The  great  source  of  all  artificial  heat  is  com- 
bustion in  its  many  forms,  and  this,  as  we  shall  hereafter  see,  is 
merely  a  clashing  together  of  material  molecules,  and  is  neces- 
sarily attended  with  a  great  development  of  that  moving  power 
to  which  we  refer  all  thermal  effects. 

16.  Specific  Meat.  —  The  amount  of  heat  required  to  raise 
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to  the  same  extent  the  temperature  of  equal  weights  of  differ- 
ent eubsiancea  is  by  no  means  the  same.  The  quantify  is  capa- 
ble in  any  case  ofesact  measurement,  and  is  called  the  specific 
lieat  of  the  substance.  The  amount  of  heat  required  to  rai^e  the 
temperature  of  one  kilogramme  of  water  one  centigrade  degree 
Las  been  assumed  as  the  unil,  and  we  express  the  specific  heat 
of  other  substances  in  terms  of  this  measure.  Moreover,  since 
with  the  exception  of  hydrogen  the  specific  heat  of  water 
is  greater  than  that  of  any  substance  known,  the  specific  heat 
of  all  other  bodies  must  be  expressed  by  fractional  numbers. 
Jn  every  case,  unless  otherwise  slated,  the  numbers  indicate 
what  fraction  of  a  unit  of  heat  would  be  required  to  raise  the 
temperature  of  one  kilogramme  of  the  substance  from  0°  to  1° 
centigrade.     Chem.  Phys.  (232). 

17.  Mokcvlar  Condition  of  Gases.  —  The  aeriform  state 
ts  by  far  the  simplest  condition  of  matter,  and  there  are  two 
peculiarities  in  its  properties  which  lead  to  important  conclu- 
sions in  regard  to  its  molecular  conditions.  These  character- 
istics are  as  follows  :  First,  All  true  gases  obey  the  same  law 
of  compressibility.  Secondly,  Equal  volumes  of  all  true  gasea 
expand  equally  on  the  same  increase  of  temperature,  Chem. 
Phys.  (262).  Now,  according  to  the  mechanical  theory  of 
heat  (§  10)  these  peculiar  relations  of  the  aeriform  condition 
of  matter  are  best  explained  on  the  assumption  that  Equal 
volumes  of  all  gases  contain  the  same  number  of  molecules ; 
and  since,  moreover,  this  theoretical  deduction  harmonizes 
with  almost  all  the  facts  of  chemistry,  it  has  been  universally 
adopted  as  a  fundamental  principle  of  the  science.  This 
peculiar  molecular  condition,  however,  is  only  found  in  the  gas, 
for  il  is  only  in  this  stale  that  the  molecules  are  sufficiently 
separated  from  each  other  to  be  freed  from  the  mutual  action 
of  those  molecular  forces  which  give  rise  to  far  more  com- 
plicated reiationi  in  both  liquid  and  solid  bodies.  Moreover, 
with  our  ordinary  gases  (in  the  degree  of  condensation  in 
which  they  exist  under  the  pressure  of  the  atmosphere),  the 
molecules  are  not  yet  sufficiently  far  apart  to  be  wholly  freed 
from  the  effects  of  their  mutual  action,  and  hence  the  theo- 
retical condition  is  not  absolutely  fulfilled ;  and  in  vapors, 
where  the  molecules  are  Still  closer  together,  the  variation 
from  the  theory  is  quite  large.     In  proportion  as  the  gas  ex- 
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pands,  flie  theoretical  condition  is  approached,  and,  when  in  a 
Btat«  of  great  expansion,  equal  Toluraes  of  all  gases  would 
undoublediy  contain  exactly  the  same  number  of  molecules.  It 
is  only  ihea  that  we  reach  the  condilion  of  what  we  have  called 
above  the  true  gas,  and  this  is  our  criterion  of  its  state,  —  that 
it  obeys  absolutely  the  law  of  Mariotte.  A  very  important 
corollary  follows  at  once  fi'ooi  the  principle  we  have  just  de- 
duced. 

The  molecular  meight  of  aU  suhstances  is  directly  propor- 
tioned to  their  specific  gravities  in  the  state  of  gas. 

We  have  adopted  in  this  book  hydrogen  gas  as  our  unit  of 
specific  gravity  for  aeriform  substances,  acd  were  we  also  to  take 
the  molecule  of  hydr»^en  as  our  nnit  of  molecular  weight,  then 
the  number  which  expresses  the  specific  gravity  of  a  gas  would 
express  also  its  molecular  weight.  But  for  reasons  which  will 
appear  hereafter,  we  have  selected  the  half  hydrogen  molecule 
as  our  unit,  and  hence  the  molecular  weight  of  any  substance 
in  terms  of  this  iinit  is  always  twice  its  specific  gravity  i«  the 
state  of  ffas.  In  Table  III.  we  have  given,  according  lo  Ihe 
most  accurate  experimental  data,  the  Sp.  Gr.  (referred  to 
hydrogen)  of  all  the  best  known  gases  and  vapors,  and  in  a 
parallel  column  we  have  also  given  the  Half-molecular  Weights 
of  the  Fame  sufetances  determined  by  chemical  analysis,  in  a 
manner  which  will  be  hereafter  described.  It  will  be  seen 
that  Ihe  numbers  in  the  second  column  are  almost  precisely 
the  same  as  those  in  ihe  fir^t,  and  the  slight  differences 
which  will  be  noticed,  either  arise  from  the  fact  that  the 
vapors,  under  the  conditions  in  which  alone  their  Sp.  Gr. 
can  be  arcurately  determined,  are  not  true  gases,  that  is,  do 
not  exactly  obey  Mariolle's  law;  or  in  other  cases,  where 
the  differences  are  more  considerable,  may  be  referred  to  a 
partial  decomposition  of  the  substance  itself  in  the  process  of 
the  experiment.  In  solving  the  problems  of  this  book,  and 
generally  in  most  chemical  problems,  the  Half-molecular  weight 
may  be  taken  as  the  true  Sp.  Gr.  The  logarithms  of  these 
values  given  in  the  last  column  of  the  table  will  be  found  useful 
in  this  connection.  Although  only  given  lo  four  places  of 
decimals,  they  exceed  in  accuracy  Ihe  experimental  data.  The 
values  in  the  column  of  6p.  ®V.  referred  to  air,  are  given,  as 
a  rule,  lo  one  decimal  place  beyond  the  limit  of  error. 
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Questions  and  Prohlems. 

1.  Are  the  qualities  of  a  molecule  of  any  substance,  the  same  as 
those  wliich  distinguish  tbe  substance  itself? 

2.  What  18  the  distinction  between  cohesion  and  adhesion? 

3.  When  the  barometer  stands  at  76  c.  m.,  with  what  weight  in 
grammes  is  the  air  pressing  against  each  snuare  centimetre  of  sur- 
face?    Sp.  Gr.  of  mercurj' 13.006.  Ans.  1033. 

4.  To  what  difference  of  pressure  does  a  difference  of  one  centi- 
metre in  the  barometric  column  correspond? 

Ans.  13.596  grammes. 

5.  When  a  mercury  barometer  stands  at  76  c.  m.  how  high  would 
a  water  barometer  stand  ?  Also,  bow  high  would  barometers  stand 
filled  with  alcohol  or  sulphuric  acid,  disregarding  in  each  case  the 
tension  of  the  vapor?  Sp.  Gr.  of  alcohol  0.81 ;  Sp.  Gt.  of  sulphuric 
acid  1.85,  Ans.  1033 ;  1275  and  558.2  c,  m, 

6.  A  volume  of  hydrogen  gas  was  found  to  be  200  ^T^*  The 
height  of  the  barometer  observed  at  the  same  time,  was  74  c.  m. 
What  would  have  been  the  volume  if  observed  when  the  barometer 
stood    t    C  c.  m.  Ans.  194.7  c.  m. 

A       I  me  of  nitrogen  standing  in  a  bell-glass  over  a  mercury 

pn         t     trough  measured  250  c.  m.      The  barometer  at  the  time 

stood  at       4  c.  m.,  and  the  level  of  the  mercury  in  the  bell  was 

f  und  by  measurement  to  be  6,5  above  the  surface  of  the  mercury 

n  tb    t        h.    Eequired  to  reduce  the  volume  to  standard  pressure, 

Ans.  The  pressure  of  the  air  on  the  surface  of  tbe  mercury  in  the 

trough  (measured  at  75.4  c.  m.)  was  balanced  first  by  the 

column  of  mercury  in  the  bell,  and  secondly  by  the  tension 

of  the  confined  gas.     Hence  tbe  pressure  to  which  the  gas 

was  exposed  was  equal  to  75.4  —  e.5  .=  68.9  e,  m.  and  we 

have  76  :  68.9  =  250  :  a:  =  226.7  cTui.° 

8.  What  would  be  the  answer  to  the  same  problem,  bad  the 

trough  been  filled  with  water  ? 

Ans.  The  water  column  in  the  bell  exerts  a  pressure  which  is  as 
much  less  than  the  pressure  of  the  mercury  column  in  the 
previous  problem,  as  the  Sp.  Gr.  of  water  is  less  than  the 
S^.  Gr.  of  mercury.  Hence  we  have  13.G  :  1  =  6.5  :  0.48, 
also  75.4  — 0.48  =  74,92,  and  76:74.92  =  250:2  =  246.4 


9.  A  closed  vessel,  -which  displaces  one  litre  of  air,  is  poised  on  a 
balance  with  weights,  whose  volume  is  inconsiderable  when  com- 
pared with  that  of  the  vessel.     The  balance  is  in  equilibrium  when 


oy  Google 


20  MOLECULES. 

the  barometer  stands  at  76  c.  m.     If  the  barometer  falls  to  71  c.  m. 
how  mueh  weight  must  be  added  to  restore  the  ti[uilibrimii  ? 

Ana.  H5  milligrammes, 
10.  Given  the  weight  of  one  litre  of  dry  air  under  tlie  normal 
conditions  as  14.42  triths,  what  will  be  the  weight  of  one  litre  of 
dry  air  at  the  normal  temperature,  but  under  a  pressure  oi  J2c.ni.? 
Ana.  13.67  oriths. 
at  15°  what  will  be  ita 
e  problems  the  pressure 
assumed  to  be  constant,  Ans,   1000  cTuT' 

12.  To  what  temperature  must  an  open  vessel  be  heated  before 
le  quarter  of  the  air  which  it  contains  at  0°  is  driven  out  V 

Ana.  gp.or. 

What  portion  of  the  air 
n  it  at  this  temperature  ? 
A...  J. 

14.  A  closed  glass  vessel,  which  at  13°  was  filled  with  air  having 
a  tension  of  7G  c.  m.  is  heated  to  55ff=,4.  Determine  the  tension  of 
the  heated  air.  Ans.  3  atmospheres. 

15.  Reduce  the  following  volumes  of  gaa  measured  at  the  tem- 
peratures and  pressure  annexed  to  0°  and  76  c.  m. 

1.  140   CTm.'       ^=57e,  m.       (=136°G       Ans.   70  iTin.' 

2.  320   oTm".'       // =  95  c.  m.       (=    9R1     Ans.  300  cTuT.' 

3.  480   cTur.'      fl'=38c.  m.       (=    68^3     Ans.  132  crin-" 

16.  What  is  the  weight  of  dry  air  contained  in  a  glass  globe  of 
640  c.  iW.  capacity  at  the  temperature  54C''.4  and  under  a  pressure 
of  71.25  c.  m.  Ans.  0.2583  grammes. 

General  Soluttim.  —  In  order  to  make  the  solution  general  we 
win  represent  the  capacity  of  the  globe,  the  temperature  and  the 
height  of  the  barometer  by  V,  t  and  H  respectively.  We  can  also 
easily  find  from  Table  III.  that  one  cubic  centimetre  of  dry  air  at 
(P,  and  when  the  barometer  stands  at  7fi  c.  m.,  weighs  14.42  criths 
or  0.001292  grammes.  To  find  what  one  cubic  centimetre  would 
weigh  when  the  barometer  stands  at  H  centimetres,  we  make  use 
of  proportion  [fi],  whence  we  derive 

w=r:  0.001202  .^, 
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nnder  the  same  pressure  bat  at  C,  it  must  be  remembered  that  one 
cubic  centimetre  at  0°  becomes  (1  +  t  O.OOSSfi)  cubic  centimetres 
&t  t°  [7]  ;  therefore  nt  (=  and  at  II  eentiiiictres  of  Ibe  barometer 
(1  +  (  0.003GG)  (Tm'  weigh  0,00129  .  S  grammes.  By  equating 
tbese  two  terms  we  obtain 

(1  -|-  io.oosee)  ~  0.00129 .  l]. 


t  t°  and  under  a  pressure  of 
Ji  centimetres.     Tlie  weight  of  V  cubic  centimetres  (w)  is  evidently 

w  =  0.00129  V  .  —^ -.  riO  al 

Thus  far  in  this  solution  we  hive  neglected  the  change  in  capacity 
of  the  glass  globe  due  to  tlie  change  of  temperature.  This  causes 
no  sensible  error  when  the  change  of  (emperaturc  is  small,  but 
when  the  change  of  temperature  ia  quite  large  the  change  of  ca- 
pacity of  the  globo  must  be  considered.  If  (be  capacity  ia  V  cTiii;' 
at  0°  it  becomes  at  C  V  (1  +  (  0.00003).  (See  Chem.  Phyg. 
g§  241  -  244.)  Introducing  this  value  for  V  into  the  above  equa- 
tions wo  obtain 

,.=  0.00129  V  (1  +  i0.00003)  .  j^Jjj^  .  ?   [105] 

'  17.  Required  a  general  method  for  determining  the  Qp.  ©j^  of 

Solution.  —  The  specific  gravity  of  a  vapor  has  been  defined  aa  its 
weight  compared  with  the  weight  of  the  same  volume  of  hydrogen 
gas  under  the  same  conditions  of  temperature  and  pressure,  but 
practically  it  is  most  convenient  to  determine  the  Qp.  ©r.  with 
reference  to  air,  and  subsequently  to  reduce  the  result  to  the 
hydrogen  standard. 

To  find,  then,  the  Qp,  (@r.  °f  a  vapor,  we  must  ascertain  the 
weight  of  a  known  volume,  V,  ataknown  temperature,  (,  and  under 
a  known  press  H  d  d  d  th  by  the  weight  of  the  same 
volume  of  air   t  th  temp      t        and  under  the  same  pressure. 

TTie  method  m  y  b  b  plaa  d  by  an  example.  Suppose, 
then,  that  w     w   h  t  t        th     Sm.   (&C.  '^^  alcohol  vapor. 

We  take  a  I    ht  glas    g]  b    h  apacity  of  from  400  bi  500 

cnrr.',  and  dr  w   h  k      t       th    (I  me  of  a  blast  lamp,  so  as  to 

leave  only  afi        pni       ashw  he  figure  at  a.     The  first 
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grammes  of  pure  alcohol,  •■ 
in  the  artompanying  figuf 
sink  (he  balloon  beni-ath  tbe  oi 


atep  ia  now  to  ascertain  the  weight  of  the  gla?a  globe  when  com- 
pletely exhausted  of  air.  As  this  cannot  readily  be  done  directly, 
we  weigh  the  globe  full  of  aiv,  and 
then  subtract  the  weight  of  the  air, 
ascertained  by  calculation  from  the 
capacity  of  the  globe,  and  from  the 
temperature  and  pressure  of  the 
^r,  by  means  of  equation  (10  a). 
Call  the  weight  of  the  globe  and  air 
W,  and  the  weight  of  the  air  w,  then 
W  —  w  is  the  weight  of  the  globe 
exhausted  of  air.  The  second  step 
js  to  ascertain  the  weight  of  the 
globe  filled  with  alcohol  vapor  at 
a  known  temperature,  and  under  a 
known  pressure.  For  this  purpose 
we  introduce  into  the  globe  a  few 
and  mount  it  on  the  support  represented 
By  loosening  the  si;rew,  r,  we  next 
intalncd  in  the  iron  Tfseel,  V,  and 
//  slowly  raise  the  temperature  of 
the  oil  to  between  300°  and  400°,  which  we  observe  by  means  of  the 
thermometer,  T.  The  aluohol  changes  to  vapor,  and  drives  out  the 
air,  which,  with  the  excess  of  vajior,  escapes  at  a.  When  the  bath 
has  attained  the  requisite  temperature,  we  close  the  opening  a,  by 
suddenly  melting  the  end  of  the  tube  at  a  with  a  month  blowpipe, 
and  as  nearly  as  possible  at  the  same  moment  observe  the  tempera- 
ture of  the  bath  and  the  height  of  the  barometer.  We  have  no.w 
the  globe  filled  with  alcohol  vapor  at  a  known  temperature,  and 
under  a  known  pressure.  Since  it  is  hermetically  seakd,  its  weight 
cannot  change,  and  we  can  therefore  allow  it  to  cool,  clean  it,  and 
■weigh  it  at  our  leisure.  This  will  give  us  the  weight  of  the  globe 
filled  with  alcohol  vapor  at  a  known  temperature,  f,  and  under  a 
known  pressure,  11'.  Call  this  weight  W.  The  weight  of  the 
vapor  is  W  -~'\Y  -\-w.  The  third  step  is  to  ascertain  the  weight 
of  the  same  volume  of  air  at  the  same  temperature  and  under  the 
same  pressure.  This  can  easily  be  found  by  calculation  from  equa- 
tion (10 1).  The  last  step  is  to  find  the  capacity  of  the  globe,  which, 
although  we  have  supposed  it  known,  is  Dot  actually  ascertained 
experimentally  until  the  end  of  the  process.  For  this  purpose  we 
break  off  the  tip  of  the  tube  (a),  under  mercury,  which,  if  the  ex- 
periment has  been  carefully  conducted,  rushes  in  and  fills  the  globe 
completely.  ^Ve  then  empty  this  mercury  Into  a  carefully  gradu- 
ated glass  cylinder,  and  read  ofi'  the  volume.     We  find   then  the 
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Weight  of  the  globe  and  ai 


io=-0.001292  V, 


W. 
H 

'  I  +( O.O0366  •  76' 
globe  exhausted  of  air,  W  — 

"      filled  with  vapor  at  a  temperature  ('  and 
under  a  pressure  H',  V 

vapor.  W  ~W  + 

^r  at !'  and  under  a  pressure  H',  = 

O.0012D2  V  (1  -1-  f  0.00003)  .  ,    .    J^  ^^,^^^  •  | 


Sp.@r.  = 


1.  Ascertain  the  Sp,  ©t.  of  alcohol  vapor  from  the  following 


Weight  of  glass  globe, 

Height  of  barometer, 

Temperature, 

Weight  of  globe  and  vapor. 

Height  of  barometer, 

Temperature, 

Volume, 


50.824    grammes. 
74.76      centimetres. 
167" 

351,5     cubic  ceulimetrefl. 
Ana.  1.575. 


.  Ascertain  the  Qn.  ©t-  of  camphor  vapor  from  the  following 


Weight  of  glass  globe, 

Height  of  barometer, 

Temperature, 

Weight  of  globe  and  vapor. 

Height  of  barometer, 

Temperature, 

Volume, 


74.2 
13=5 

50.842    grammes. 
74.2        centimetres. 
244° 

295         cubic  centimetres. 
Aas.  5.371. 
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18.  Dejtnilion. — The  atomic  theory  assumes  that  so  long 
as  the  ideutity  of  a  substance  is  preserved  its  molecules  remain 
undivided  ;  but  when,  by  some  chemical  change,  its  ideniity  ia 
lost,  and  new  Buhs  lances  are  formed,  the  theory  supposes  that  the 
molecules  themselves  are  broken  up  into  still  smaller  panicles, 
which  it  calls  atoms.  Indeed  it  regards  this  division  of  the 
molecules  as  the  very  essence  of  a  chemical  change. 

The  word  atom  is  derived  from  a,  privative,  and  rtusa  (I 
cut),  and  recalls  a  famous  controversy  in  regard  to  llie  infinite 
divisibility  of  matter,  which  for  many  centuries  divided  the 
philosophers  of  the  world.  But  chemistry  does  not  deal  with 
thia  metaphysical  question.  It  asserts  nothing  in  regard  to  the 
possible  divisibility  of  matter ;  but  its  modern  theories  claim 
that,  practically,  this  division  cannot  be  carried  beyond  a  certain 
extent,  and  that  we  then  reach  particles  whicli  cannot  be  fur- 
ther divided  by  any  chemical  pi'oeess  now  known.  These  are 
the  chemical  atoms,  and  the  atom  is  simply  the  unit  of  the 
chemist,  just  as  the  molecule  is  the  unit  of  the  physicist,  or  the 
star^lhe  units  of  the  astronomer.  The  molecule  is  a  group  of 
atoms,  and  is  a  unit  in  the  microcosm,  of  which  it  is  !i  part,  ia 
the  same  sense  that  the  solar  system  is  a  unit  in  the  great  stel- 
lar universe.  The  molecule  has  been  defined  as  the  smallest 
particle  of  any  substance  which  can  exist  by  itaelf,  and  the 
atom  may  be  now  defined  as  the  smallest  mass  of  art  element 
that  exists  in  any  molecule. 

When  a  molecule  breaks  up,  it  is  not  supposed  that  the  atoms 
fall  apart  like  grains  of  sand;  but  simply  that  they  arrange 
themselves  in  new  groups,  and  thus  give  rise  to  the  formation 
of  new  substances.  Indeed,  as  a  rule,  the  atoms  cannot  exist 
in  a  free  state,  and  with  few  exceptions  every  molecule  consists 
of  at  least  two  atoms.  This  is  thought  to  be  true,  even  of  the 
chemical  elements.     The  difference  between  the  molecules  of 
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an  elementary  substance  and  those  of  a  compound,  according 
to  the  tbeoi-y,  is  merely  this,  thiit  while  the  first  are  foiined  by 
the  union  oi  atoms  of  the  same  kind,  the  last  comprise  atoms 
of  different  kind*  The  molecules  of  oxygen  gas  are  atomic 
aggregates  as  well  as  those  of  wafer,  only  the  molecules  of 
0x3  gen  consiat  o(  O'iygen  atoms  alone,  while  the  molecules  of 
witer  contiin  both  oxygen  and  hydrogen  atoms.  Such  at  least 
18  llie  constitution  of  most  elementary  substances.  Nevertheless, 
in  the  case  of  mercury,  zinc,  cadmium,  and  some  otlier  me- 
talhc  elements  the  facts  compel  us  to  believe  that  the  molecule 
consl^ts  of  but  one  atom,  or,  in  other  words,  thiit  in  these  cases 
the  molecule  and  the  atom  are  the  same. 

10.  Atomic  Weights.  —  Tliere  must  be  evidently  as  many 
kinds  of  atoms  as  there  are  elementary  substances ;  and,  since 
these  substances  always  unite  in  definite  proportions,  it  must 
be  also  true  that  the  elementary  atoms  have  definiie  weights. 
This  once  assumed,  the  law  of  multiple  proportions,  as  well 
as  that  of  definiie  proportions,  becomes  an  essential  part  of  our 
atomic  tJieory ;  for,  since  the  atoms  are  by  definition  indivis- 
ible, the  elements  can  only  combine  atom  by  atom,''and  must' 
therefore  unite  either  in  the  proportion  of  the  atomic  weights 
or  in  some  simple  multiples  of  this  proportion.  We  have  dis- 
covered no  means  of  measuring  even  approximately  the  ab- 
solute weight  of  an  atom  ;  but,  after  we  have  determined,  from 
considerations  hereafter  to  be  discussed,  wh»t  must  be  the  num- 
ber of  atoms  of  each  kind  in  one  molecule  of  any  substance, 
we  can  easily  calculate  their  relative  weight  from  the  results'of 
analysis.     A  (^if  examples  will  make  the  method  plain. 

1.  The  analysis  of  water,  given  on  page  6,  proves  that  in 
100  parts  it  contains  11.112  parts  of  hydrogen  and  88.888 
parts  of  oxygen.  Every  molecule  of  water,  then,  must  contain 
these  two  elements  in  just  these  proportions.  Now  we  have 
good  reason  for  believing  that  each  molecule  of  water  is  a 
group  of  three  atoms,  —  two  of  hydrogen  and  one  of  oxygen. 
Then,  since  ^  (11.112)  :  88.888  =  1  :  16,  it  follows  that  the 
oxygen  atom  must  weigh  16  times  as  much  as  the  hydrogen 
atom';  and,  if  we  make  the  hydrogen  atom  the  unit  of  our  atom- 
ic weight,  then  the  weight  of  the  oxygen  atom,  estimated  in 
thes«  units,  must  be   16, 

2.  The  analysis  of  hydrochloric  acid  gas  proves  that  it  con- 
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tains  in  100  parts  2.74  parfs  of  hydrogen  and  97.20  of  chlorine. 
Moreover,  we  have  reason  to  believe  that  each  molecule  of  the 
acid  is  a  group  of  two  atoms,  — one  of  hydrogen  and  one  of 
chlorine.  Hence  the  atom  of  chlorine  must  weigh  35.5  timeflas 
much  as  that  of  hydrogen.     Its  atomic  weight  is  then  So.5. 

3.  Tiie  analysis  of  common  sail,  page  C,  proves  that  it  con- 
tains in  100  parla  00.68  parts  of  chlorine  and  30.32  parts  of 
sodium,  and  we  helieve  that  each  molecule  of  salt  is  a  group  of 
two  atoms,  one  of  chlorine  and  one  of  sodium.  Then,  since 
60.68  :  30.32  =  35.5  :  23,  it  follows  that  the  atomic  weight 
of  sodium  is  23.  In  liko  manner  the  atomic  weights  of  all  ihe 
chemical  elements  have  been  determined,  and  the  numbers  are 
given  in  Table  II.  These  numbers  are  the  fundamental  data 
of  chemical  science,  and  the  basis  of  almost  all  the  numerical 
calculations  which  the  chemist  has  to  make.  The  elements  of 
a  compound  body  ai-e  ahvaya  united  either  in  the  proportions, 
by  weight,  expressed  by  liies'e  numbers,  or  else  in  some  simple 
multiples  of  these  proportions ;  and  whenever,  by  the  breaking 
up  of  a  complex  compound,  or  by  the  mutual  action  of  different 
substances  on  each  otner,  the  elements  rearrange  themselves, 
and  new  compounds  are  formed,  the  same  numerical  propor- 
tions  are  always  preserved. 

The  atomic  weights  evidently  rest  on  two  distinct  kinds  of 
data ;/*«;,  on  the  results  of  chemical  analysis,  nhieh  are  facts 
of  observation,  and  in  regard  to  which  the  only  que.slioii  can  bo 
as  to  their  greater  or  leas  accuracy;  secondly,  on  our  conclu- 
sions in  regard  to  the  number  of  atoms  in  each  molecule  of  the 
substance  analyzed.  This  conclu.^ion  again  is  based  chiefly  on 
two  classes  of  facts,  whose  bearing  on  the  Bubject  we  must 
briefly  consider. 

I.  In  the  first  place  we  carefully  compare  together  all  the 
cotnpounda  of  the  element  we  are  studying,  with  the  view  of 
discovering  Ihe  smallest  weight  of  it  which  enters  into  the  com- 
position of  any  known  molecule ;  for  this  must  evidently  be  the 
atomic  weight  of  the  element.  An  example  will  make  the 
course  of  reasoning  intelligible. 

In  the  following  table  we  have  a  list  of  a  number  of  the 
most  important  compounds  containing  hydrogen,  all  of  which 
either  ace  gases,  or  can  easily  be  changed  into  vapor  by  heat. 
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HO  that  their  speeifie  graTities  in  tlie  stale  of  gas  can  be  readily 
determined.  From  these  specific  gravities  we  learn  the  weights 
of  the  molecules  (compare  §  17)  which  are  given  in  the  second 
column  of  the  table.  In  the  third  column  we  have  given  the 
weight  of  hydrogen  contained  in  the  molecules,  referred,  of 
course,  to  the  same  unit  as  the  weight  of  the  molecules 
themselves :  — 

Velght  0 


Weight  of  Hjdn«ni 

Compounds  of  Hjdrogen. 

Hydrochloric  Acid 

3G.5 

1 

Hydrohromic  Acid 

81.0 

1 

HydriodLe  Acid 

128.0 

1 

IlydroL'janJo  Acid 

27,0 

1 

Hydrogen  Gas 

2.0 

2 

Water 

18,0 

3 

Sulphuretted  Hydrogen 

S4-0 

2 

Seleniuretted  Hydrogen 

81,5 

3 

Formic  Acid 

4G.0 

2 

Ammonia 

17,0 

a 

Phospburetted  Hydro-ren 

34.0 

3 

Arseniuretted  Hydrogen 

78.0 

Acetic  Acid 

60,0 

4 

Olefiant  Gas 

28.0 

4 

Marsl.  Gas 

1G,0 

4 

Alcohol 

4G,0 

G 

Ether 

74,0 

10 

Assuming  now,  as  has  been  assumed  in  this  table,  that  a 
molecule  of  hydrogen  gas  weighs  2,  it  appears  that  the 
smallest  mass  of  hydrogen  which  the  molecule  of  any  known 
Bubstance  contains,  weighs  just  one  half  as  much,  or  1.  We 
infer,  iherefore,  that  this  mass  of  hydrogen  cannot  be  divided 
by  any  chemical  means,  or,  in  oiher  words,  that  it  is  the  hydro- 
gen atom.  The  molecule  of  hydrogen  gas  contains  tiien  two 
hydrogen  atom?,  and  tliis  atom  is  (he  unit  to  which  we  refer  all 
molecular  and  atomic  weights. 


If   1! 


I  like 


volatile  compounds  of  oxygen, 
mass  of  oxj-gen  which  exists 
substance  weighs  16,  —  the  ai 
and  hence  we  infer  that  this 


bring  into  comparison  all  the 
we  shall  find  that  the  smallest 
in  the  molecule  of  any  known 
om  of  hydrogen  weighing  1, — 
f  oxygen  is  the  oxygen  atom. 


Moreover  it  will  appear  that  a  molecule  of  oxygen  gas  weighs 
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S2,  and  lience  it  follows  that  each  molecule  of  oxygen  gas,  like 
the  molecule  of  hydi-ogen,  ia  formed  by  the  union  of  two  atoms. 
A  similar  compaiison  would  show  that,  while  the  molecule  of 
nitrogen  gas  fveii^hs  28,  the  atom  weighs  14,  so  that  here  again 
the  molecule  consists  of  two  atoms.  This  method  of  investiga- 
tiou  can  be  extended  to  a  large  number  of  the  chemical  ele- 
ments, and  Ihe  conclusions  to  which  it  leads  are  evidently  le- 
gitimate, and  cannot  be  set  aside,  until  it  can  be  shuwn  that 
Bome  substance  exists  whose  molecule  contains  a  emiUier  mass 
of  any  clement  than  that  hitherto  assumed  as  the  atomic  weight, 
or,  in  other  words,  until  the  old  atom  has  been  divided. 

2.  The  second  cla-s  of  facts  on  which  we  rely  for  determin- 
ing the  number  of  atoms  in  a  given  molecule  is  based  on  the 
specific  heat  of  the  elemfnia  (compare  §  IC).  It  would  appear 
that  the  ppeeific  heat  is  the  eame  for  ail  atoms,  and,  if  this  is 
true,  we  might,  expect  that  equal  amounti  of  heat  would  raise 
to  the  same  extent  the  temperatures  of  such  quantities  of  the 
various  elementary  substanees  as  contain  Ihe  same  number  of 
atoms,  provided,  of  course,  that  these  atomic  i^gregates  are 
eompareil  under  the  same  conditions.  Now  we  can  determine 
accurately  tlie  number  of  units  of  heat  required  to  raise  the 
temperature  of  equal  weights  of  the  elementary  substances  one 
degree,  and  the  results,  which  we  call  the  specific  heat  of  the 
elements,  are  given  in  works  on  physics.  Chem.  Phys.  (232). 
Evidently,  if  our  principle  is  true,  these  \alues  must  be  pro- 
portional in  every  case  to  the  number  of  atoms  of  each  element 
contained  in  the  equal  weights  compared.  Eepresenring  then 
by  S  and  S'  the  specific  heat  of  two  elementary  substances,  by 
m  and  i»'  the  weights  of  the  corresponding  atoms,  and  by  unity 
the  equal  weiglils  compared,  we  shall  have,  in  any  case, 

S:S'=^:^.,ormS=m'S',  [H] 

that  is.  The  product  of  (he  atomic  weight  of  an  eUmentary  sub- 
itonce  hy  its  specific  heat  is  alwayi  a  constant  quantity. 

Taking  now  the  atomic  weights  obtained  by  the  method  first 
given,  and  iho  fpecific  heats  of  the  elements  as  they  have  been 
determined  by  experimenting  on  these  substances  in  the  solid 
slate,  we  find  that,  with  only  three  exceptions,  our  inference  is 
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correct ,  ind  Ihi3  principle  not  only  frequently  enables  us  to  fis 
the  atomic  weight  of  an  element,  when  tlie  fir,-l  method  fiiila, 
but  it  also  series  to  corroborate  the  general  accuracy  of  our 
results  It  IS  true,  owing  undoubtedly  to  many  causes  which 
influence  the  lliermal  conditions  of  a  solid  body,  that  this  prod- 
uct 18  not  absolutely  constant.  It  varies  between  5.7  and  G.9, 
the  moft  probable  value  beiDg  very  nearly  6.34.  But  the 
vanalion  is  not  important,  so  far  as  the  determination  of  the 
atomic  weights  i--  concerned.  This  determination,  as  we  have 
seen,  rests  chiefly  on  the  results  of  analysis.  Tlie  question  al- 
«a)b  1?  only  between  two  or  three  possible  hypotheses,  and  as 
between  the&e  the  specific  heat  will  decide.  For  example,  an 
analy  ib  of  chloride  of  silver  proves  that  each  molecule  contains 
for  one  atom  or  35.5  parts  of  chlorine,  108  parts  of  silver. 
Now,  108  parts  of  Bilver  may  represent  one,  two,  tliree,  or  four 
atoms,  or  it  mij  be  that  this  quantity  only  represents  a  fraction 
of  an  ilom  To  determine,  we  divide  6.34  by  0.057,  the  specific 
heit  of  eiUer  The  result  is  111,  which,  though  not  the  exact 
atomic  weight,  is  near  enough  to  show  that  U)8  is  the  weight 
of  one  atom  anJ  not  of  t^vo  or  three.  The  exceptions  to  thia 
rule  refeired  to  above  are  carbon,  boron,  and  silicon.  But  the 
specihe  heat  of  these  elements  varies  so  very  greatly  with 
the  differences  of  physical  condition  — the  so-called  allotropic 
modifications  —  which  these  elements  present,  —  Chera.  Phys. 
(234),  —  that  the  exceptions  are  not  regarded  as  invalidat- 
ing the  general  principle.  The  law  simply  fails  in  these  cases, 
and  we  can  see  why  it  fails. 

This  important  law,  whose  bearing  on  our  subject  we  ha've 
briefly  considered,  was  first  discovered  by  Diilong  and  Petit,  and 
was  subsequently  verified  by  the  very  careful  experiments  of 
Regnault.  More  recently  it  has  been  found,  by  Voestyn  and 
otherii,  that  its  application  extends,  in  some  cases  at  least,  to 
chemical  compounds ;  for  it  would  seem  that  tlie  atoms  retain, 
even  when  in  combination,  their  peculiar  relations  to  heat,  so 
that  the  product  of  the  specific  heat  of  a  substance  by  its  molec- 
ular weight  is  equal  to  as  many  times  6.3  as  there  are  atoms  in 
the  molecule.  Thus  the  specific  heat  of  common  salt,  multiplied 
by  its  molecular  weight,  gives  0.214  X  58.5  =  12.52,  which  is 
very  nearly  equal  to  6.3  X  2  ;  while  in  the  ca=e  of  corrosive 
Bublimale  the  corresponding  product,  0.069  X  271  =  18.70,  is 
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nearly  equal  lo  C  3  X  3  —  retulla  i^h  ch  are  in  ■ic^'Ordince 
with  our  views  in  regard  to  the  number  of  atoiiia  m  tlte  mole- 
cules of  tbese  auhbtances 

"We  La,ve  here  then,  an  obMoua  methol  by  which  we  might 
determine  the  nu-nber  of  alom^  1 1  the  mnlcc  ile  of  any  solid, 
and  which  would  be  of  the  \ery  greatest  viliie  in  invesligaling 
the  atomic  weights  could  we  rely  on  the  generd  ipplication 
of  our  law.  Wl  do  not  expect  matiiematicd  exactneai  We 
know  very  well  that  the  -.peciflc  heat  of  solid  holies  varies 
very  greatly  witli  tlie  temperature,  as  well  as  from  other  phja- 
ical  causes,  and  Ihu  it  is  impo  sible  to  compare  (hpm  under 
precisely  the  game  conditions  as  would  be  required  in  order  to 
secure  accuracy  But  unfortunatelj  the  discrepancies  are  so 
great,  and  we  are  so  ignoiant  of  Iheir  eau-^e  that  is  ^et  we 
have  not  been  able  to  place  much  rel  ance  on  tlie  specific  heat 
as  a  means  of  determining  the  number  of  atoms  in  the  mole- 
cules of  a  compound 

S.  Lasdy,  is=uming  thit  bofb  of  the  means  we  have  consid 
ered  fail  to  give  eati  factory  evidence  in  regard  (o  ihe  number 
of  atoms  in  the  molecule  of  a  given  sub  tance  (wh  ch  ne  may 
have  analyzed  for  the  purpose  of  determining  some  atomic 

ight),  we  may  frequently  neverthele=w,  reach  a  satisfactory. 
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If  we  change  the  hypothesis  in  any  ease,  we  shall  obtain  a 
different   atomic  weight;    but  then  the.  new  weight  will  be 
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Bome  simple  multiple  of  the  old,  and  will  not  alter  the  impor- 
tant relations  to  which  we  iirst  referred.  These  fundamental 
relations  iii'e  independent  of  all  hypothesis,  and  re^t  on  well- 
established  laws. 

The  atomic  weights  are  the  numerical  constants  of  chem- 
istry, and  in  determining  their  value  it  is  necessary  to  lalte 
that  care  which  their  importance  demands.  Tlie  essential  part 
of  tlie  investigation  is  the  accurate  analysis  of  some  compound 
of  the  element  whose  atomic  weight  is  sought.  The  compound 
selected  for  ihe  purpose  must  fulfil  several  conditions.  It  must 
be  one  which  can  be  prepared  in  a  condition  of  absolute  purity. 
It  must  be  one  the  proportions  of  whose  constiiuents  can  be 
determined  wiih  the  greatest  accuracy  by  the  known  methods 
of  analytical  chemistry.  It  must  contain  a  secocd  element 
whose  atomic  weight  is  well  established.  Finally,  it  should  be 
a  compound  whose  molecular  condition  is  known,  and  it  is  best 
that  this  should  be  as  simple  as  possible.  When  they  are  once 
thus  aecuratety  determined,  the  atomic  weights  become  essen- 
tial dala  in  alt  quantitative  analytical  investigations. 

Questions  and  Problems. 

1.  Does  the  integrity  of  a  substance  reside  in  its  molecules  or  in 

2.  We  find  by  analysis  that  in  100  parts  of  potassic  chloride 
there  are  52.42  parta  of  potassium  and  47.58  parts  of  chlorine. 
Moreover,  we  know  from  previous  eiperiments  that  the  atomic 
weight  of  chlorine  is  35.5,  and  we  have  reason  to  believe  that  every 
molecule  of  the  compound  consists  of  two  atoms,  one  of  potassium 
and  one  of  chloiine.      Wliat  is  the  atomic  weight  of  potassium  ? 

Ans.  39.1. 

3.  We  find  by  analysis  that  in  100  parts  of  phosphoric  anhydride 
there  are  43.66  parts  of  phosphorus  and  5().34  parts  of  oxygen. 
Moreover,  we  know  that  the  atomic  weight  of  oxygen  is  IG;  and  we 
have  reason  to  believe  that  every  molecule  of  the  compound  consists 
of  seven  atoms,  2  of  phosphorus  and  5  of  oxygen.  What  is  the 
atomic  weight  of  phosphorus  7  Ans.  31. 

4.  In  Table  III.  the  student  will  find  the  molecular  weights  of  the 
following  oxygen  compounds ;  and  we  give  below,  following  the 
name,  the  weight  of  oxygen  (estimated  like  the  molecular  weight 
in  hydrogen  atoms)  which  each  contains.     From  these  data  it  is 
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required  to  determine  the  atomic  weight  of  oxygen.  Oxygen  Gsa, 
32;  Water,  16;  Sulphurous  Anhydride,  32,  Sulphuric  Anhydride, 
43;  Phosphoriu  Oxychloride,  16;  Carbonic  Oxide,  16;  Carbonic 
Anhydride,  32  ;  O^mie  Anhydride,  64  ;  Nitroua  Ojiide,  16  ;  Nitric 
Oxide,  16  ;  and  Nitric  Peroxide,  32.  Ana.  16. 

5.  We  give  beloir  the  weight  of  chlorine  in  one  molecule  of 
several  of  its  moet  characteristic  volatile  compoiand^  It  id  required 
to  deduce  the  aloiuic  weight  of  chlorine  on  tlie  principle  of  the  last 
problem.  Chlorine  gaa,  71 ;  Puo?phorous  Chloride,  lUG.S ;  Phos- 
phoric Oxychloride,  106.5;  Arsenious  Chloride,  1(>6.5;  Pbosgene 
Gas,  71  ;  Stannic  Chloride,  142  ;  Stanno-triethylic  Chloride,  35.5 ; 
and  Hydrochloric  Acid,  35,5.  Ans.  35.5. 

6.  Review  the  steps  of  the  reasoning  by  which  the  atomic  weights 
have  been  deduced  in  the 'lost  tfvo  problems,  and  show  that  the 
"  molecular  weight "  and  "  ihe  weit/ht  of  lie  element  in  one  molecule  " 
are  actual  and  independent  experimental  data. 

7.  Analysis  shows  that  in  100  parts  of  mercuric  chloride  there  are 
73.80  parts  of  mercury  ajid  26.20  parts  of  chluriae.  The  specific 
heat  of  mercury  is  0.032.  What  is  the  probable  atomic  weight  of 
mercury,  that  of  chlorine  being  35.5  '(  Abo,  how  many  atoms  of 
each  element  cloes  one  molecule  of  the  compound  contain  ? 

Ans.  Atomic  weight  of  mercury,  200.     Each  molecule  consists 
of  one  atom  of  mercury  and  two  of  chlorine. 

8.  Analysis  shows  that  in  100  parts  of  ferric  oxide  there  are  70 
parts  of  iron  and  30  parts  of  oxygen.  The  specific  heat  of  iron  is 
O.IU.  What  is  the  probable  atomic  weight  of  iron,  that  of  oxygen 
being  16  ?  and  also,  how  many  atoms  of  each  element  does  one 
molecule  of  the  oxide  contain  ? 

Ans.  Atomic  weight  of  iron, .  56.     One  molecule  of  fi?rric  oxide 
contains  2  atoms  of  iron  and  3  of  oxygen. 

9.  The  molecular  weight  of  silicic  chloride  is  1 70,  and  its  specific 
heat,  0.1907.  How  many  atoms  does  one  molecule  of  the  compound 
probably  contain  ?  Ans.  5. 

10.  The  molecular  weight  of  mcrcnric  iodide  is  454,  and  its 
specific  heat,  0.042.  How  many  atoms  does  one  molecule  of  the 
compound  probably  contala  ?  Ana.  3> 
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CHEMICAL  NOTATION. 

20.  Chemical  Symbols.  —  The  alomic  theory  has  found  ex- 
pression in  chemistry  in  a  remarkable  system  of  noiation,  which 
has  been  of  the  greatest  value  in  the  study  of  tlie  science.  In 
this  system,  the  initiiil  letter  of  the  Latin  name  of  an  element 
b  used  as  tiie  symbol  of  that  elemsut,  and  represents  in  every 
case  one  atom.  Thus  O  stands  for  one  atom  of  Oxygen,  JPfor 
one  atom  of  Nitrogen,  H  for  one  atom  of  Hydrogen.  When 
several  names  have  the  same  initial,  we  add  for  the  sake  of  dis- 
tinction a  second  letter.  Thus  C  stands  for  one  atom  of  Car- 
bon, CI  for  one  atom  of  Chlorine,  Ca  for  one  atom  of  Calcium, 
Cu  for  one  atom  of  Cuprum  (copper),  Or  for  one  atom  of 
Chromium,  Co  for  one  atom  of  Cobalt,  Cd  for  one  atom  of 
Cadmium,  Cs  for  one  atom  of  Ciesium,  and  Ce  for  one  atom 
of  Cerium.  The  symbols  of  all  the  elements  are  given  in 
Table  II.  Several  atoms  of  the  same  element  are  generally 
indicated  by  adding  figures,  but  distinguishing  ihem  from  alge- 
braic exponents  by  placing  them  below  the  letters.  Thus  Sn^ 
stands  for  two  atoms  of  Stannum  (tin),  S^  for  three  atoms 
of  Sulphur,  and  I^  for  five  atoms  of  Iodine.  Sometimes,  how- 
ever, in  order  to  indicate  certain  relations,  we  repeat  the  symbol 
with  or  wiihout  a  dash  between  them,  thus  HH  represents  a 
group  of  two  aloms  of  Hydrogen,  Se^Se  a  group  of  two  atoms 
of  Selenium.  We  can  now  easily  express  the  constitution  of 
the  molecule  of  any  substance  by  simply  grouping  together  the 
symbols  of  the  atoms  of  which  the  molecule  consists.  This 
group  is  generally  called  the  symbol  of  the  substance,  and 
stands  in  every  ease  for  one  molecule.  Thus  NaCl  is  the  sym- 
bol of  common  salt,  and  represents  one  molecule  of  salt.  H^^O 
is  the  symbol  of  water,  and  represents,  as  before,  one  molecule. 
So  in  like  manner  ^ff  stands  for  one  molecule  of  ammonia 
gas,  H^C  for  one  molei^le  of  marsh  gas,  KNO^  for  one  mole- 
cule of  saltpetre,  H^SO^  for  one  molecule  of  sulphuric  acid, 
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G^HfO^  for  one  molecule  of  acetic  iciil,  II IT  for  one 
molecule  of  hydrogen  gi3  We  do  not,  lion  ever,  always 
write  the  symbols  in  a  linear  form,  but  group  the  lelters  in  suth 
a  way  as  will  best  indiLate  the  relations  we  aie  --tuiljing 
"When  several  molecules  of  tlie  same  subslinLC  take  part  in  a 
chemical  change,  we  repre-.ent  tlie  fact  by  writing  a  numeriial 
coefficient  before  the  molpcukr  symbol  Afi-uie  so  placed 
alwaj-a  multiplies  the  whole  sjmhol  Thus  Hi  NO^  stands 
f  f  u  m  leculps  of  nitric  add,  SC^H^O  for  three  molecules 
f  al  1  1  GO'O  for  six  molecules  of  oxygen  gas.  When 
1  a  n  quires  it,  we  enclose  the  symbol  of  the  molecule  in 

pa  e  th  thus,  A{HiN),  ov  {ffylf)i.     The  precise  mean- 

f  tl  dashes  will  hereafter  appear.  They  are  used,  like 
pun  tuat  marks,  to  point  off  the  parts  of  a  molecular  sym- 
bol, between  wfiich  we  wish  to  dii^tinguish. 

21.  Chemical  Reactions.  —  These  chemical  symbols  give  at 
once  a  simple  means  of  representing  all  chemical  changes.  As 
these  changes  almost  invariably  result  from  the  reaction  of  one 
substance  on  another,  they  are  called  Chemical  Reactions.  Such 
reactions  must  necessarily  take  place  between  molecules,  and 
simply  consist  in  the  breaking  up  of  the  molecules  and  the  rear- 
rangement of  the  atoms  in  new  groups.  In  every  chemical  re- 
action we  must  distinguish  I)etween  the  substances  which  are 
involved  in  the  cliange  and  those  which  are  produced  by  it. 
The  first  will  be  termed  the  factors  and  the  last  the  products  of 
the  reaction.  As  matter  is  indestructible,  it  follows  that  TTie 
sunt  of  the  weights  of  the  products  of  any  reaction  mast  aJways 
be  equal  to  the  sum  of  the  weights  of  the  factors,  and,  further, 
that  The  number  of  atoms  of  each  element  in  the  products  mast 
he  the  same  as  the  number  of  atoms  of  the  same  kind  in  the 
factors.  This  siatement  seems  at  first  sight  to  be  contradicted 
by  experience,  since  wood  and  many  other  combustibles  are 
consumed  by  burning.  In  all  such  cases,  however,  the  apparent 
annihilation  of  the  substance  arises  from  the  fact  that  the  prod- 
ucts of  the  change  are  invisible  gases ;  and,  when  these  are  col- 
lected, their  weight  is  found  to  be  equal,  not  only  to  that  of  the 
substance,  but  also,  in  addition,  to  the  weight  of  the  oxygen  from 
the  air  consumed  in  the  process.  As  the  products  and  factors 
of  every  chemical  change  must  be  equal,  it  follows  that  A 
chemical  reaction  tnay  always  he  represented  in  an  equation 
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by  writing  the  aymhoh  of  the  factors  in  the  first  member  and 
those  of  the  products  in  the  second.  Thus,  the  following  equa- 
tion expresses  tlie  reaclion  of  dilute  eulphurie  acid  on  zinc,  by 
which  hydrogen  gas  is  commonly  prepai'ed,  Tlie  products  are 
a  soluiiou  of  zinc  sulphate  and  hydrogen  gas. 

Xn'\-{H^so,-\-Aq)  =  (_znSO,+jq)-\-m-m.  [12] 

The  initial  letters  of  the  Latin  word  Aqua  are  here  used 
simply  to  indicate  that  the  Eubstances  enclosed  with  it  in  pa- 
rentheses are  in  solution.  The  symbol  Ku  is  printed  in  "  fuil- 
faced  "  type  lo  indicate  tliat  the  metal  is  used  in  the  reac- 
tion in  its  well-known  solid  condition ;  while  the  symbol  of 
the  molecule  of  hydrogen  is  printed  in  skeleton  type  to  indi- 
cate the  condition  of  gas.  This  usage  will  be  followed  through- 
out iLe  book;  but.generally,  when  it  is  not  important  to  indicate 
the  condition  of  the  materials  involved  in  the  reaclion,  ordinary 
type  will  be  used.  The  molecule  of  hydi'ogen  gas  consists  of 
two  atoms,  as  our  reaction  indicates,  and  ibis  is  the  smallest 
quantity  of  hydrogen  which  can  either  enter  into  or  be  formed 
by  a  chemical  change.  The  molecule  of  zinc  is  known  to 
consist  of  only  one  atom.  When  the  molecular  constitution 
of  an  element  is  not  known,  we  simply  write  the  atomic  symbol 
in  the  reaction. 

Among  chemical  reactions  wa  may  distinguish  at  least  three 
classes.  First,  Analytical  Reactions,  in  which  a  complex  mole- 
cule is  broken  up  into  simpler  ones.  Thus,  when  sodic  bisul- 
phate  is  heated,  it  breaks  up  into  sodic  sulphate  and  sulphuric 
anhydride,  — 

Jfa^&:Or  =  Na^SO^  +  SO^.  [13] 

So,  also,  by  fermentation  grape  sugar  or  glucose  breaks  up  into 
alcohol  and  carbonic  anhydride, — 

C^H^^O^  =  2 O^H^O  -f  2CO2.  [U] 

Secondly,  Synthetical  Reactions,  in  which  two  molecules 
unite  to  form  a  more  complex  group.  Thus  baryla  burns 
in  an  atmosphere  of  sulphuric  anhydride,  and  forms  baric 
sulphate,  — 

iJaO  4.  SO^  =  JBaSOr  [15] 
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In  like  manner  amtnonia  enters  into  direct  union  with  hydro 
chloric  acid  to  form  auimo^ii;  cbloride,  — 


H^N  +  HCl  =  H^nrCl  [1 6j 

Thirdly,  Metathetical  Keactions,  in  which  the  atoms  of  one 
molecule  change  plate  wiih  the  dissimilar  aloras  of  another, 
one  atom  of  one  molecule  replacing  one,  two,  three,  or  more 
iitoma  of  the  oiher,  a^  ihe  case  may  be.  Tims,  when  we  add  a 
solution  of  common  salt  to  a  solution  of  argentic  nitrate,  we  ol>- 
tain  a  wliiie  prec-ipiiale  '  of  argentic  chloride,  while  sodie  nitrate 
remains  in  Eoluiion.  The  result  is  obtained  by  a  simple  in- 
terchange between  an  atom  of  eilver  and  an  atom  of  sodium, 
as  the  ibllowing  reaction  shows :  — 

(ifi.a+  A3M0,-\-Aq)  =  {NaNO,  +  Aq)  +  AgCI.    [17] 

In  the  next  example,  ooe  atom  of  barium  changes  place  with 
two  atoms  of  hydrogen.  Baric  chloride  and  sulphuric  acid 
yield  hydi-ochloric  acid  and  insoluble  baric  sulphate,  whicli  is 
precipitated  from  the  solution  in  water  aa  the  reaction  in- 
dicates, — 

{Ba  a,  +  H^SO,  +  Aq)  =  {2HCI  +  Aq)  +  BaSOi-    [1 8] 

Of  the  three  classes  of  chemical  reactions  the  last  is  by  far 
the  most  common,  and  many  chemical  changes  which  were  for- 
merly supposed  to  hi  examples  of  simple  analysis  or  synthesis 
are  now  known  to  be  the  results  of  metathesis.  In  very  many 
cases,  iiowever,  a  chemical  reaction  cannot  be  explained  in 
either  of  these  ways  alone,  but  seems  to  consist  in  a  primary 
nnion  of  two  or  more  molecules  and  a  subsequent  splitting  up 
of  this  large  group.  Indeed,  this  is  the  best  way  of  conceiving 
of  all  metathetical  reactions,  for  we  do  not  suppose  that  in  any 
rase  there  is  an  actual  transfer  of  atoms  from  one  molecule  to 
the  other.  The  word  metathesis  is  merely  used  to  indicate  the 
result  of  the  process,  not  the  manner  in  which  the  change  takes 
place,  and  the  same  is  true  of  the  words  analysis  and  synthesis. 

»  The  separation  of  « 

Ule  matermi  which  sepg 

terlal,  being  lighter  tliaii  the  fluid,  r 
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I  tneiliod  of  preparing  carbonic  anhydi'iiSe  is  to 
pour  fl.  solution  of  hydrochloric  acid  on  small  lumps  of  marble 
(calcic  cai'bonaie), — 

caco^  +  (^ifci  +  jq)  =.  (CaCOs  ir,a,  +   [lo] 

Aq)  =  {CaCk  +  B.,0  +  Aq)  +  ©©a- 

We  mny  suppose  ihat  the  molecules  of  the  two  substances  are, 
in  the  first  place,  drawn  together  by  the  force  which  macifesla 
itself  in  the  phenomena  of  adhesion,^  but  that,  as  they  approach, 
a  mutual  attraciiou  between  their  respective  atoms  comes  into 
play,  which,  the  moment  the  molecules  come  info  collision, 
causes  the  atom^  to  arrange  themselves  in  new  groups.  The 
groups  wliic.h  then  result  are  determined  by  many  causes 
whose  action  can  seldom  be  fully  traced ;  but  there  are  two 
conditions  which,  when  the  substances  are  in  solution,  bave  a 
very  important  influence  on  the  result.  These  conditions  may 
be  thus  staled :  — 

1.  Whenever  a  compound  can  be  formed,  which  is  insoluble 
in  the  menstruum  present,  this  compound  always  separates  as 
a  precipitate. 

2.  Whenever  a  gas  can  be  formed,  or  any  substance  which 
is  volatile  at  the  temperature  at  which  the  experiment  is  made, 
this  volatile  product  is  set  free. 

The  reaction?  17  and  18  of  this  serlion  are  examples  of 
the  first,  while  the  reactions  12  and  19  are  examples  of  the 
second  of  these  condilinns.  The  facts  ju^t  stated  illusti'ate 
an  important  truth,  which  must  be  carefully  borne  in  mind  in 
the  study  of  chemistry.  A  chemical  efjuation  differs  essen- 
tially from  an  algebraic  expression.  Any  inference  which 
can  be  legitimately  drawn  from  an  algebraic  equation  niu=t,  in 
some  sen-e,  be  true.  It  is  not  so,  however,  with  chemical  sym- 
l>ol3.  These  are  simply  expressions  of  observed  facts,  and, 
although  important  inferences  may  sometimes  be  drawn  from 
the  mere  fol-m  of  the  expression,  yet  thej'  are  of  no  value 
whatever  unless  confirmed  by  experiment.    Moreover,  the  I'acta 

1  We  find  it  convenient  to  distinguish  between  the  force  whleh  holds  to- 
gether difTerent  molecules  and  that  which  unites  the  atoms  of  the  ninkoiiles. 
To  the  last  we  give  the  nume  of  chemical  affinity,  while  we  call  the  first  co- 
hesion or  adhesion,  according  as  it  ie  exerted  between  molecules  of  Ibe  same 
kind  or  those  of  a  differeat  kind. 
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which  arc  eipreiaed  in  this  ppculiar  &\  tpm  of  notation  are 
as  purely  materials  for  tlie  memory  as  it  they  wert,  deswibed 

22  Compound  liadicah  —  In  many  chemical  reactions  the 
elementary  uloms  change  plicaa,  not  witli  other  elementary 
atoms,  but  with  groups  of  atoms,  wliich  appear  to  suitain  rela- 
tions to  the  compounds  tliey  leave  or  enter  similar  to  ihose  of 
the  elements  themselves  'Ehii>,  if  we  add  to  a  solutioo  of  ar- 
gentic niirate  a  suliiUon  of  ammouic  cUoriile,  we  get  the  reac- 
tion expressed  by  the  equation 

AgNO^  +  NHi-Cl  ==  HH^'^O,  +  A<fCl.  [20] 

Here  the  group  iVZ?,  has  taken  the  place  of  Ag.  So,  also, 
in  the  reaction  of  hydi-ochlorie  acid  on  common  alcohol,  the 
group  C^Hf,  in  the  molecule  of  alcolio!  changes  places  with  the 
atom  of  hydrogen  in  Uie  molecule  of  hydrochloric  acid, — 


We  write  the  symbols  in  this  peculiar  way  in  order  to  make 
it  evident  to  tbe  eye  that  such  a  substitution  has  tal>eii  place. 
Lastly,  in  the  reaction  of  chloroform  on  ammonia,  the  group 
CHo£  ihe  first  changes  places  with  the  three  atoms  of  hydro- 
gen of  ammonia  ga*^, — 

CH'-Ch  +  iraJV=  3//CT  -f  Cff^K  [22] 

Such  groups  as  these  are  called  compound  railicals.  Like 
the  atoms  themselves,  they  cannot,  as  a  rule,  exist  in  a  free 
state ;  but  aggregates  of  these  radicals  may  exist,  which  sus- 
tain the  same  relation  to  the  radicals  that  elementary  substances 
hold  to  the  atoms.  Thus,  as  we  have  a  gas  chlorine  consisting 
of  molecules,  represented  by  ChCl,  so  there  is  a  gas  cyanogen 
consisting  of  molecules,  represented  by  Cfl''-C^,  where  CN\9 
a  compound  radical  called  cyanogen.  Again,  the  important 
radicals  CO,  S0.„  and  PCI^'  are  also  (he  molecules  of  well- 
known  gases.  These  radical  substtmcet  correspond  to  the  ele- 
mentary substances  previously  mentioned,  in  which  the  mole- 
cule is  a  single  atom. 

But  with  few  exceptions  the  radical  substances  have  never 
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been  isolated,  and  the  radicab  are  only  known  as  groups  of 
atoms  which  pass  and  repass  io  a  numbfr  ofehemieul  reac- 
tions. Indeed,  in  the  same  compound  we  may  frequently 
assume  several  radicals.  The  possible  radicals  of  a  chemi- 
cal symbol  correspond  in  fact  aJnioat  precisely  to  the  possi- 
ble liiclors  of  an  algebraic  formula,  and  in  writing  the  sym- 
bol we  Cake  out  the  one  or  the  other,  as  the  cheiuical  change 
we  are  studying  requires.     A  number  of  ihi-se  radicals  have 


received  names,  and 

among 

those  re 

cognized  in  mineral  com- 

pounds  a  few  of  the  most  important  t 

ire 

Hydroxyl 

HO 

Sulpliuryl         SO, 

Iljdrosulphuryl 

HS 

Carbonyi          CO 

II,N 

Phoaphoryl      PO 

Amidogen 

JhN 

Nitrosyl           NO 

Cyanc^n 

CN 

Nilryl              NO,. 

The  radicals  reco 

gnized 

in   organic   compounds   are  very 

and  will  be  tabulated  Lcreafler. 

Questions  and  ProUems, 

1.  For  what  do  the  following  symbols  stand  ? 

N;     Co.,;     H-H;     H,C;     iHNO,;     {C.,H,0.:)^ 

2.  For  what  do  the  following  symbols  stand  7 

CI;     S,;     0-0;     H^N';     Il,SO^;     SC^H^O. 

8.  For  what  do  the  following  symbols  stand  ? 

0;     H,;     Se-Se;     NaCl;     H.,0;     3K-N0,. 

i.  Analyze  the  following  reaction.  Show  that  the  same  number 
if  atoms  are  represented  on  each  side  of  the  equation,  and  state  the 
jiass  to  whith  it  belongs. 

=  (Fea^  +  Aq)-\-lE-:il. 

n  what  the  equality 
n  belongs. 
jr,/?,0,  ==  2ffiO  +  N^O. 

6.  Analyze  the  following  reaction.      Show  in  what  the  equality 
BonsiEts,  and  statfi  the  class  to  which  the  reaction  belongs. 
(7-f  0=0    =     00.^ 
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7.  Analyze  the  following  reaction.     Show  in  what  the  equality 
consists,  and  state  the  clasB  to  which  the  reaction  belongs. 

2-ff-0--ff+ JVa-A^a  = 

8.  The  following  reaction  may  be  so  written  aa 
the  products  are  formed  by  a,  metathesis  between  t 
cules.     It  13  required  to  show  that  this  is  poSEible. 


8.  Write  the  reactions  [17]  and  [18]  so  as  to  indicate  the  manner 
in  which  the  metathesis  is  supposed  to  lake  place. 

10.  State  the  conditions  which  determine  the  metathesis  in  the 
various  reactions  given  in  this  chapter  so  far  as  these  conditions  are 
indicated. 

11.  Write  the  reactions  [21]  and  [22]  so  as  to  indicate  tlie  manner 
in  which  the  metathesis  is  supposed  to  take  place. 

12.  Analyze  the  following  reaction.  Show  what  determines  the 
metathesis  and  also  what  is  meant  by  a  compound  radical. 

(Ph{?rO^\  -\-  'iNHcOl -\-Aq)  = 
PbClj  +  {1Nir,-N0^  +  Aq) 

13.  Compare  with  [22]  the  following  reaction  and  point  out  the 
two  radicals,  which,  as  we  may  assume,  hydrocyanic  acid  contains. 

14.  When  sulphuric  anhydride  (SO,)  is  added  to  water  (ff,0)  a 
violent  action  ensues  and  sulphuric  acid  is  formed.  The  reaction 
may  be  written  in  two  ways,  and  it  is  required  to  explain  (he  different 
views  of  the  process,  which  the  following  equations  express. 

or  2fl'-0-^+  SOj^O  =  H^^O^^SO^  -f  H^^O. 

15.  State  the  distinction  between  a  chemical  element  and  an 
elementary  substance.  Give  also  the  distinction  between  a  com- 
pound radical  and  a  radical  substance. 

16.  Give  the  names  of  the  following  radicals. 

HO;  MS;  NH^;  NH.,;  SO.,;    CO;  PO;  NO^ 
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6T0CHIOMETRT. 

23.  StocMomeiry. — The  chemical  symhols  enable  U3  not 
only  to  represent  chemical  changes,  but  also  to  calculate  ex- 
actly the  amounts  of  the  substances  re<iuii-ed  in  any  given  pro- 
cess as  well  as  llie  amounts  of  the  products  which  it  will  yield. 
Each  symbol  stands  for  a  definite  weight  of  the  element  it  rep- 
resents, thai  is,  for  the  weight  of  an  atom  ;  but,  as  only  the  rela- 
tive values  of  these  weights  are  known,  they  are  best  expressed 
as  so  many  parts.  Thus  H  stands  for  1  part  by  weight  of 
hydrogen,  the  unit  of  our  system.  In  like  manner  0  stands 
for  16  parts  by  weight  of  oxygen,  N  for  14  parts  by  weight 
of  nitrogen,  Cfor  12  parts  by.weight  of  carbon,  Cj  for  60  parts 
by  weight  of  cai-hon,  and  so  on  for  all  ihe  symhols  in  Table  II. 
The  weight  of  the  molecule  of  any  subslanee  must  evidently 
be  the  sum  of  the  weights  of  its  atoms,  and  is  easily  found, 
when  the  symbol  is  given,  by  simply  adding  together  the 
weights  which  the  atomic  symbols  represent.  Thus  H^O 
stands  for  2 -1-16  =  18  parts  of  water, /fjATfor  3 +  14  =117 
parts  of  ammonia  gas,  and  C^H^O^  for  24  +  4  -f  32  =  60 
parts  of  acetic  acid.* 

Having  then  given  the  symbol  of  a  substance,  it  Is  very  easy 
to  calculate  its  percentage  composition.  Thus,  as  in  60  pwrts  of 
acetic  acid  there  are  24  parts  of  carbon,  in  100  parts  of  the 
acid  there  must  be  40  parts  of  carbon,  and  so  for  each  of  the 
other  elements.  The  result  appears  below ;  and  in  the  same 
way  the  percentage  composition  both  of  alcohol  and  ether  has 
been  calculated  from  the  accompanying  symbol. 

'  In  this  book  "  Ihe  mdemlar  weight  of  n  mbtlaace  "  will  nlwaj-s  mean  tha 
snm  of  the  tilomic  weiRhtB  of  the  aloras  fomposirc  we  molecolB,  and  wB  shall 
ase  the  phrase,  "  Ihe  moleCBlor  tneiffkl  of  a  tymM,"  or  "  the  loM  ainmic  tneight 
flfo  jjmAoi,"  to  denote  the  sum  of  the  atomio  weights  of  all  tha  molecules  which 
Uie  sytubol  represents. 
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A^tiF  Acid                          AIfoIiqL 

Ether 

C,H,0,.                          C^H^O, 

C.H-,.0 

Carbon 

40.00                 sy.is 

G4.8e 

Hydrc^en 

6.61                       13.04 

13.52 

Osvgen 

53-33                       34.78 
100.00                     100.00 

21.G2 
100.00 

The  rule,  easily  deduced,  is  tliis :  As  the  vietght  of  the  moh- 
eule  is  to  the  weight  of  each  element,  so  is  one  hundred  parts  to 
the  percentage  7-equired. 

On  the  other  hand,  having  given  the  percentage  composition, 
jt  is  easy  to  calculate  the  number  of  atoms  of  each  element  in 
the  molecule  of  the  suhstance.  This  problem  is  evidently  the 
reverse  of  the  last,  but  it  does  not,  like  that,  always  admit  of  a 
definite  solution  ;  for,  while  there  is  but  one  percentage  eompo- 
ailion  corresponding  to  a  given  symbol,  there  may  be  an  infinite 
number  of  symbols  corresponding  to  a  given  percenliige  com- 
position. For  example,  the  percentage  composition  of  acetic 
acid  corresponds  not  only  to  llie  formula  O^flfO-i,  given  above, 
but  also  to  any  multiple  of  that  formula,  as  can  easily  be  seen 
by  calculating  the  percentage  composition  of  CH.JD,  C^ff^O^, 
C,ffiOt,  &c  They  will  all  necessarily  give  the  same  result, 
and,  before  we  can  determine  the  absolute  number  of  atoms  of 
each  element  present,  we  must  have  given,  another  condition, 
namely,  the  sum  of  the  weights  of  the  atoms,  or,  in  other 
words,  the  molecular  weight  of  the  substance.  When  this  is 
known,  the  problem  can  at  once  be  definitely  solved. 

Suppose  we  have  given  the  percentage  composition  of  alco- 
hol, as  above,  and  also  the  further  fact  that  its  molecular  weight 
is  46.     We  can  then  at  once  make  the  proportion 


DO  :  52.18  =  4G:x=2i  the  weight  of  the 

toms  of  carbon. 

DO:  13.04  =  46:0;=    6    "       "       "    " 

"       "  hydrogen. 

30:34.78  =  46;x=16   "       "       "    " 

"      "  oxygen. 

Then  it  follows  that 

^J  =  2  the  number  of  atoms  of  carbon 

-f  —  6    "         "        "       "       "  hydrogi 

sn  in  one  molecule, 

^e  _-  1    .1         H        u       u      u   oxygen 

in  one  molecule. 

It  is  evident  fi-ora  this  example,  that,  in 

order  to  determine 
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exactly  the  symbol  of  a  compound,  we  must  know  its  molecular 
weight.  When  the  substance  is  a  gas,  or  is  capable  of  being 
changed  into  vapor,  we  can  easily  determine  its  molecular 
weight  by  the  principle  on  page  18.  The  molecnlar  ^veight  is 
simply  twice  its  specific  gravity  referred  lo  hydrogen.  For  all 
the  problanis  given  in  this  book,  which  deal  only  with  the  com- 
mon gases  and  vapors,  the  molecular  weight  can  be  at  once 
taltea  from  Table  III.  If  we  are  dealing  with  a  new  substance, 
we  must  detei'mine  its  specific  gravity  experimentally  by  one  of 
the  methods  which  will  hereafter  be  descj-ibed. 

When,  on  account  of  the  fixed  nature  of  the  substance,  the 
last  mode  of  investigation  is  impossible,  we  can  still  frequently 
determine  with  great  probability  the  molecular  weight,  by  study- 
ing the  chemical  reactions  into  which  the  substance  enters,  and 
connecting,  by  careful  quantitative  experiments,  the  molecular 
weight  sought  with  that  of  some  substance  whose  molecular 
weight  is  known.  Tlie  methods  used  in  such  cases  will  be  in- 
dicated hereafter ;  but  even  when  all  snch  means  fail,  we  can 
nevertheless  always  find  which  of  all  possible  symbols  ex- 
presses the  composition  of  the  substance  we  are  studying  in 
the  simplest  terms,  in  other  words,  witli  the  fewest  number  of 
atoms  in  the  molecule.  Suppose  the  substance  to  be  cane  sugar, 
which  cannot  he  volatilized  without  decomposition,  and  of  which 
no  reaction  is  known  which  gives  any  definite  clew  to  its  mole- 
cular weight.  P^Ugot's  analysis,  cited  on  page  9,  shows  that  it 
contains,  in  100  parts,  42,06  parts  of  carbon,  6.50  parts  of 
hydrogen,  and  51.44  parts  of  oxygen.  Assume  for  the  mo- 
ment Ihat  the  molecular  weight  is  equal  to  100  then 

— ^  ^  3.50  the  number  of  atoms  of  carbon. 


This  would  be  the  number  of  atoms  of  each  element  if  the 
sum  of  the  atomic  weijht,  that  is,  the  molecular  weight,  of 
sugar,  were  equal  lo  100.  As,  from  the  very  definition,  frac- 
tional atoms  cannot  exist,  these  numbers  are  impossible,  bat 
any  other  possible  number  of  atoms  must  be  either  a  multiple 
or  a  Eubmuliiple  of  the  numbers  found ;  and  we  can  easily  dia- 
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cover  (he  fewest  number  of  whole  atoms  possible,  by  seeking  for 
the  three  smullei^t  whole  numbers  which  stand  to  each  other 
in  ilie  relation  of  3.50  :  G.50  :  3.22,  a  proportion  which  ia  very 
nearly  satisfied  by  12  :  23  ;  11.  Hence,  the  simplest  possible 
symbol  is  Cj^U^O,,,  and  this  has  been  adopted  by  ebemists  as 
the  sjmbol  of  cane  sugar,  although,  from  anything  we  as  yet 
know,  the  Bjmbol  may  be  a  multiple  of  this.  If  now,  taking 
this  symbol  as  our  starting-point,  we  calculate  the  percentage 
composition  which  would  esactly  correspond  to  it,  we  obtmn 
the  following  results,  which  we  have  arranged  in  a  tabular 
fo^rm,  60  that  the  student  miiy  compare  the  theoretical  compo- 
sition with  the  numbers  Feligot  obtained  by  actual  analysis. 

Composition  of  Cane   Sugar, 


Carbon 

PillSOt'a  Aiwljats. 

43.0G 

Tbeorelloi 
42.11 

Hydrogen 

6.50 

e.43 

Oxj-gen 

51.44 

51.46 

300.00 

loOo 

The  difference  between  the  two  is  now  seen  to  be  ivilhin  the 
probable  errors  of  analysis,  and  this  example  illustrates  the 
method  of  arranging  analytical  results  generally  adopted  by 
chemists. 

From  the  above  discussion  we  can  easily  deduce  a  simple 
arithmetical  rule  for  finding  the  symbol  of  a  compound  when 
its  percentage  composition  is  known.  But  ibis  rule  may  be  best 
expressed  in  an  algebraic  formula,  which  will  show  to  the  eye 
at  once  the  relation  of  the  quantities  involved  in  the  calcuia- 
lion,  and  enable  us  to  extend  our  method  to  the  solution  of 
many  classes  of  pi-oblems  which  we  might  not  otherwise  foresee. 
Let  us  then  represent 

By  M  the  weight  of  any  chemical  compound  in  grammes. 
"    m   the  molecular   weight  of  the  compound  in  hydrogen 

"  W  the  weight  of  any  constituent  of  that  compound,  whether 
element  or  compound  radical,  in  grammes. 

"  w  the  total  atomic  weight  of  element  or  radical  in  one 
molecule. 
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Then 

~  :=  propoi'lion  by  weight  of  the  coDstituent  in  the  compound, 

M—  =  weight  of  coQstituent  in  JJf  grammes  of  compound,  or 
W=M^.  [23] 

Any  three  of  tliese  quantities  being  given,  (he  fourth  can,  of 
■course,  be  found.     Thus  we  may  solve  four  classes  of  prahlems. 

1.  We  may  find  the  weight  of  any  constituent  in  a  given 
weight  of  a  compound,  when  we  know  the  molecular  weight  of 
the  compound  and  the  total  atomic  weight  of  the  constituent  in 
one  molecule. 

Problem.  It  is  required  to  find  the  weight  of  sulphuric 
anhydride  SO3  in  4  grammes  of  plumbic  sulphate  PbO,  SO^- 
Here,  w  =  32 +  3  X  16  :^  80,  m  =  207 -f  16 -f- 80  =  303, 
and  AT  =;  4.  Ans.  1.056  grammes. 

2.  We  can  find  the  weight  of  a  compound  which  can  be 
produced  from,  or  corresponds  to,  a  given  weight  of  one  of  its 
consliluents,  when  the  same  quantities  are  known  as  above. 

Problem.  How  many  grammes  of  crystallized  green  vitriol, 
FeSOt.  IMjO,  can  be  made  from  5  grammes  of  iron?  Here, 
w  =  of.,m  =  278,  ir=^  5.  Ans.  24.821. 

3.  We  can  find  the  molecular  weight  of  a  compound  when 
we  have  given  the  weight  of  one  constituent  in  a  given  weight 
of  the  compound,  and  the  total  atomic  weight  of  that  constitu- 
ent in  the  molecule. 

Problem.  In  7,5  grammes  of  ethylic  iodide,  there  are  6.106 
grammes  of  iodine;  the  total  atomic  weight  of  iodiue  in  ono 
molecule  ia  127.  What:  is  the  molecular  weight  of  ethylic 
iodide  ?  Ans.  136. 

4.  We  can  find  the  total  atomic  weight  of  one  constituent  of 
a  molecule  when  the  molecular  weight  is  given,  and  also  the 
weight  of  the  constituent  in  a  known  weight  of  Uie  compouad. 
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Problem.    The  molecular  weight  of  aceiic  acid  is  60,  the 
per  cent  of  carbon  in  the  compound  40.     What  is  the  total 
atomic    weight  of    carhon   iu  one    molecule  ?      Ans.  24. 
Whence  number  of  carbon  atoms  in  one  molecule,  2. 

The  last  problem  is  essentially  the  same  as  that  of  finding 
Ihe  symbol  of  a  compound  when  its  percentage  composition  is 
given,  while  the  first  corresponds  to  the  reverse  problem  of 
deducing  (he  percentage  composition  fi-om  the  symbol.  By  a 
slight  change  the  formula  can  bo  much  better  adapted  to  this 
class  of  cases.  For  this  purpose  we  may  put  M  ::=  100,  since 
we  are  solely  dealing  with  per  cenis,  and  also  put  w  ^  na, 
a  standing  for  the  atomic  weight  of  any  element,  and  «  for  the 
number  of  atoms  of  that  element  in  one  molecule  of  the 
compound  we  are  studying.     We  then  have 

ir=100f  ana«  =  jE  ?•  [24] 

The  first  of  these  forms  is  adapted  for  calculating  the  per  cent 
of  each  element  of  a  compound  wiien  the  molecular  weight, 
the  number  of  atoms  of  each  element  in  one  molecule,  and  the 
several  atomic  weights,  are  known;  and  it  is  evident  that  all 
these  data  arc  given  by  the  chemical  symbol  of  ihe  compound. 
The  second  of  these  forms  enables  us  to  calculate  the  number 
of  atoms  of  each  element  present  in  one  molecule  of  a  com- 
pound when  the  percentage  composition,  the  molecular  weight, 
and  the  several  atomic  weights,  are  known,  and  ilhistratea  the 
principle  before  developed,  that  the  molecular  weight  is  an 
essential  element  of  the  problem. 

24.  Stoehiometri'cal  Problems.  —  The  principles  of  the  pre- 
vious section  apply  not  only  to  single  molecular  formulse,  but 
obviously  may  also  be  extended  to  the  equations  which  repre- 
sent chemical  changes.  Since  the  molecular  symbols  which 
are  equaled  in  these  expressions  represent  known  relative 
weights,  it  must  be  true  in  every  case  that  we  am  calculate  Ihe 
weight  of  either  of  the  factors  or  products  of  the  chemical 
change  it  represents,  provided  only  that  the  weight  of  some  one 
is  known.  If  we  represent  by  v>  and  m  the  total  atomic  weight 
of  any  two  symbols  entering  into  Ihe  chemical  equations,  and 
by  IT  and  Mlhe  weight  iu  grammes  of  the  factors  or  products 
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which  these  symbols  represent,  then  (he  simple  algebraic 
tbrmulfe  of  the  last  section  will  apply  to  ail  stochiometrical 
problems  of  this  kind,  a^  well  as  to  those  before  indicated. 
These  formulie,  however,  are  merely  the  algehraic  expression 
of  the  familiar  rule  of  "three,  and  all  stoohiometrical  problem.^ 
are  solved  more  easily  by  this  gimple  arithmetical  rule.  Usin^ 
the  word  symbol  to  express  the  sum  of  the  atomic  weights  Jt 
represenla,  we  may  state  the  rule  as  applied  to  chemical  prob- 
lems in  the  following  words,  which  should  be  committed  to 
memory. 

Express  the  reaction  in  the  form  of  an  equation  ;  make  then 
the  proporlion,  As  the  symbol  of  the  substance  given  is  to  the  sym- 
bol of  the  substance  required,  so  is  ihe  weight  of  the  substance 
given  to  x,  the  weight  of  the  substance  required ;  reduce  the 
st/mbols  to  numbers,  and  calculate  the  value  of  x. 

This  rule  applies  equally  well  to  all  problemii,  like  those  of 
the  last  section,  in  which  the  elements  or  radicals  of  the  same 
molecular  symbol  are  alone  involved  ;  only  in  auch  cases  there 
is  of  course  no  equation  to  be  written.  A  few  examples  will 
illustrate  the  application  of  the  rule. 

Problem  1.  We  have  given  10  kilogrammes  of  common  salt, 
and  it  is  required  to  calculate  how  much  hydrochloric  acid  gaa 
can  be  obtained  from  it  by  treating  with  sulphuric  acid.  The 
reaction  is  expressed  by  the  equation 

{2Naa+ff,Sd,  +Aq)  =  {ITa^SO.  +  A^)  +  2mW, 
whence  we  deduce  the  following  proportion, 

2KCI:  2^a=:  10  :  x  =  Ans.  G.239  kilogrammes. 
Problem  2.  It  is  required  to  calculate  how  much  sulphuric 
acid  and  nitre  must  be  used  to  make  250  grammes  of  the 
8troni;est  nitric   acid.      The    reaction    is   expressed    by   the 
equation 

K^O^  +  ir^  SO,  =^  K,  HSO,  +  BMO^ 
whence  we  get  the  proportions 
HNOs-.  B'^SO,=  250:x  =  An3.  1.  388.9  grammes  sulphi-ric 

HNOs :  KNOs  =  250  :  a:  =  Ans.  2.  401.2  grammes  nitre. 
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Tlie  student  sIioQid  also  solve  by  the  same  rule  the  problems 
given  ill  the  last  section. 

25-  Gay-Lussac's  Law.  —  Thia  eminent  Frencli  chemist  was 
the  first  to  state  lAearXy  the  important  truth,  that,  when  gases  or 
vapors  react  on  each  other,the  volumes- both  of  the  factors  and 
of  the  products  of  the  reaction  always  bear  lo  each  other  some 
very  simple  numerical  ratio.  This  truth  is  generally  known  as 
the  law  of  Gay-Lussac,  but,  since  the  principle  is  a  direct  con- 
sequence of  the  atomic  theory,  it  ia  best  studied  in  that  relation. 
It  is,  as  we  have  seen,  a  fundamental  postulate  of  the  theory  that 
equal  volujnes  of  all  substances,  when  in  the  aeriform  condition, 
contain  the  same  number  of  molecules.  Hence  it  follows,  that 
the  volumes  of  all  single  molecules  are  the  same,  and,  if  we  lake 
this  common  volume  as  our  unit  of  measure,  it  follows,  furiher, 
that  ihe  total  molecular  volume  represented  by  any  symbol  is 
always  equal  to  the  number  of  molecules.  IVe  are  thus  led  to 
a  most  important  fact,  which  gives  an  additional  meaning  to  our 
chemical  symbols,  for  it  appears  that  &ery  chemical  equation, 
w/ien  properly  written,  represents  not  only  the  relative  weights, 
hut  also  the  relative  volumes  of  its  factors  and  products,  when  in 
the  state  of  gas. 

This  principle  is  illustrated  by  the  following  equations  : 

&1     +  ■  slo^     = 


^\no\    +  5\H-m     = 


The  squares  which  here  serve  to  indicate  equal  volumes, 
and  lo  impress  on  the  mind  ihe  meaning  of  the  symbols,  are 
evidently  unnecessary  and  will  not  be  used  hereafter. 

It  is  a  great  advantage  of  the  crith,  which  has  been  proposed 
as  a  unit  of  weight  in  chemistry  (see  §  2),  that  it  Stands  in  the 
same  relation  to  the  French  unit  of  volume,  the  htre,  in  which 
the  *eight  of  the  hydrogen  molecule  stands  to  the  common 
volume  of  all  molecules,  the  unit  of  molecular  volume.     The 
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Tolume  of  a  given  mass  of  any  gas  is  always  equal  to  the 
weif^ht  in  crithe  divided  by  its  specific  gravity  referred  to 
hydrogen  [3],  In  like  manner,  the  molecular  volume  rep- 
resented by  any  symbol  is  equal  to  one  half  (§  1 7)  the  total 
atomic  weight  of  that  symbol  divided  by  the  specific  gravity  of 
the  gas  it  represents.  In  other  words,  the  weight  in  criths  of 
any  mass  of  gas  stands  in  the  same  relation  to  its  volume  in 
litres  as  that  in  which  one  half  the  total  atomic  weight  of  any 
Bymbol  stands  to  the  total  molecular  volume,  or,  what  amounts 
to  the  same  thing,  to  the  number  of  molecules  which  the  fiymbol 
represents.  This  relation  must,  of  course,  hold  in  every  chem- 
ical equation,  and  hence,  with  a  simple  modification,  the  rule  of 
the  last  sectiofl  may  be  extended  to  the  many  cases  in  which 
it  is  desired  to  calculate  the  volumes  of  gas  or  vapor  involved 
in  a  chemical  change.  The  rule  so  modified  may  be  stated 
thus:  — 

Express  the  reaclion  in  an  equation  ;  imike  then  the  propor- 
tion, As  one  half  of  the  tymbd  of  the  first  substance  is  to  the 
number  of  molecules  of  the  second,  so  is  the  weight  in  criths  of 
the  first  to  the  volume  in  litres  of  the  second  ;  reduce  the  symbol 
to  numbers,  and  calctUale  the  value  of  the  unknown  quantify. 

This  rule  has  the  same  general  application  as  the  first,  and 
a  few  examples  will  illustrate  the  use  of  it. 

Problem  1.  How  much  chlorate  of  potash  must  be  used  to 
obtain  one  litre  of  oxygen  gas  ?  The  reaction  is  expressed  by 
the  equation 

whence  we  get  the  proportion 

^{iKClO^):&:=zx:l.     3:  =  40.9  criths, 

40.9  X  0.0896  =  Aqs.  3.664  grammes. 

Problem  2.  How  many  litres  (^oxygen  gas  can  be  obtained 
from  500  grammes  of  chlorate  of  potash  ?  The  reaction  is  the 
Bame  as  before,  but  in  this  case  tlie  grammes  must  first  be 
reduced  to  criths.     The  proportion  will  then  be  written 


500 
■"  0,0896 


KaO,:Z=.,;^-.x^Am.  136.6  lit. 
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Problem  3.  How  many  lilres  of  ammonia  gos  NI£^  are  con- 
tained in  20  grammes  of  ammonic  chloride,  NHs-HOl?  Here 
we  require  no  equation  ;  for  the  symbol  itself  gives  at  once  the 
proportion 

^NHj:i :  1  :=  j^^  :  X  =  An3.  8.343  litres. 

In  applying  the  rules  of  this  chapter  to  Ihe  solving  of 
8t«cliiometrical  problems,  the  student  ehould  carefully  bear  in 
mind,  Jirst,  that  the  rule  of  (24)  applies  to  all  those  cases  in 
which  ihe  weight  of  one  substance  is  lo  be  calculated  from  the 
weight  of  another;  secondly,  that  when  volume  is  to  be  deduced 
from  volume  the  answer  can  be  found  by  mere  inspeclion  of 
the  equation  acoorijing  to  Ihe  principles  stated  in  (25),  and 
thirdly,  that  the  rule  of  page  49  applies  only  to  those  problems 
in  wbicli  volume  is  to  be  calculated  from  weight,  or  the  reverse. 
In  using  this  last  rule  it  must  be  remembered  that  the  '*  first 
substance  "  is  always  the  one  whose  weight  is  given  or  sought, 
while  the  "  second  substance  "  is  always  the  one  whose  volume 
is  given  or  sought. 


Questions  and  ProUemi. 

1.  What  is  the  molecular  weight  of  plumbic  sulphate,  PhO^SO^I 
Ofcak-ic  phosphate,   Co^O^{PO\f     Of  ammonia  alum, 
iNH^^  [yl(,]|0,|(SOJ..  24ff,0?  Ans.  303,  310,  and  906.3. 

2.  What  are  the  molecular  weights  of  the  symbols 

dC^H^Oi;  5{FeS0^.  711^0)  and  IKi^OiCOf 

Ans.  180,  IS90,  and  967.4. 
S.  Are  the  total  atomic  weights  of  the  two  memhera  of  the  follow- 
ing reaction  equal  ? 

Fe  +  (H,SO,  +  Ac,)  =  {FeSO,  +  Aq)  +  H-H. 
Ans.  The  total  weight  of  each  member  of  the  equation  is  151. 

4.  Calculate   the  percentage  composition   of  ammonic  chloride, 
NH,Cl.     Ans.  Nitrogen,  26.17;  Hydrogen,  7.48;  Chlorine,  66.35. 

5.  Calculate  the  percentage  composition  of  nitrobenzole,  C^H^NOi. 
Ana.  Carbon,  58.53;  Hydrogen,  4,07 ;  Nitrogen,  11.39 ;  Ojtygen, 

2G,01. 
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G.  Given  tbe  percentage  composition  of  chloroform  as  follows : 
Carbon,  10,04;   Hydrogen,  0.83;   Chlorine,  80.13.      Required  the 
symbol,  knowing  that  the  Sp,  Gr,  of  chloroform  vapor  equals  59.75, 
Ana.   CHCt,. 

7.  Given  the  percentage  composition  of  atanno-diethylic  bromide 
as  foUowe:  Tin,  35,1.') ;  Carbon,  H.29  ;  Hydrogen,  2.97 ;  Bromine, 
47.ei.  Required  the  symbols,  knowing  that  the  Sp.  Gr.  of  the 
TaporequaU  168.  Ane.  SnC.H^Br,. 

S.  Given  the  percent^e  composition  of  ethylene  chloride  as  fol- 
lows: Carbon,  21.24;  Hydrogen,  4.04  ;  Chlorine,  71.72.  Required 
the  symbol,  knowing  thai  the  Sp.  Gr.  of  the  vapor  equals  49.5. 

Ans.  CH^Of 

9.  Given  the  percentage  composition  of  cream  of  tartar  aa  fol- 
lows: Potassium,  20.79;  Hydrogen,  2.GG  ;  Carbon,  25.52 ;  Oxygen, 
51.03.     Kequir«d  the  simplest  symbol  possible.        Ans.  KHfifi^. 

10.  Given  the  percentage  composition  of  crystallized  ferrous  sul- 
phate aa  follows:  Iron,  20.15;  Sulphur,  11.51;  Oxjgen,  23.02; 
Water,  45.32.     Required  the  aimplest  symbol  posable. 

Ans.  Estimating  the  number  of  molecules  of  water  (//jO),  as 
if  water  were  a  fourlh  element  with  an  atomic  weight  of  18,  we  get 

11.  The  percentage  composition  of  morphia  according  to  Liebig's 
wialjsis  ia  Carbon,  71.35;  Hydrogen,  6.G0 ;  Nitrogen,  4.99  ;  Oxy- 
gen (by  loss),  1G.97.  What  ia  the  symbol  of  this  alkaloid,  and  how 
closely  does  thia  symbol  agree  with  the  resalts  of  analysis  ? 

Ana.  The  symbol  C^-,H^.,NO^  would  require  71.58  Carbon,  S.66 
Hydrogen,  4.91  Nitrogen,  and  16.85  O.tygen. 

12.  It  is  required  to  find  the  weight  of  phosphorus  in  155  kilos, 
of  calcic  phosphate  (CaJ'^O^).  Ans.  31  kilos. 

13.  It  is  required  ia  find  the  weight  of  sulphuric  anhydride  (SOj) 
in  284  kilos,  of  aodic  sulphate,  Na^SOt-  Ans.  160  kilos. 

14.  How  many  grammes  of  plumbic  sulphate  (PliSOJ  can  be 
made  from  2.G67  grammea  of  sulphuric  anhydride  ISO^ 

Ans.  10.1  grammes. 

15.  How  many  grammes  crystallized  cupric  sulphate  (^CitSOf 
SH-iO)  will  yield  317  grammes  of  copper  ?      Ans.  1337  grammes. 

16.  Required  the  total  molecular  weight  of  crystallized  sodic 
phosphate,  knowing  that  71.6  parts  of  the  salt  contain  9.2  parts  of 
sodium,  and  that  the  total  atomic  weight  of  sodium  in  one  mole- 
cule of  the  compound  is  46.  Ans.  358. 
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IT.  The  moleenlir  weight  of  potsBsic  nitrate  Js  101. 1,  and  2.359 
p-ainivi«a  of  tlie  salt  cjiiMun  1.120  gramme!  of  oxygen.  Wliat  is 
the  total  atoiiiiu  weight  of  oxygen,  and  also  the  nuuibtr  of  oxygen 
atoms  in  one  uioleoulu  ? 

Ans.  Totil  atomic  weight  48.     No.  of  oxygen  atoms  S. 

18.  How  much  nitric  acid  (HNO^  a  required  to  dissolve  3.804 
gMimmea  of  copper  (Ca)  and  how  much  cupric  iiilrate  (CuNtO^) 
and  how  much  nitric  oxide  (^0)  will  be  formed  in  the  process  ? 
The  reaction  is  expres.sed  by  the  equation 

Ans.  10.08  grammes  of  nitric   acid;  11.244  grammes  of  cupric 
nitrate  and  1.20  grammes  of  nitric  oxide. 

19.  How  much  common  salt  (NaCl)  must  bo  added  to  a  solution 
containing  SO  grammes  of  argentic  nitrare  {AgNO,)  in  orUer  to 
throw  down  the  whole  of  the  silver,  and  how  muth  argentic  chloride 
{AgCl)  will  be  thtia  precipitated  ? 

(J^NO,  -\-IfaCl-\-  Ag)  =  AgCI  +  {NaWOs  +  A(j). 
Ana.  10.32  grammes  of  salt  and  25.32  grammes  argentic  chloride. 

20.  How  many  litres  of  ammonia  gas  (SSHtJ  and  how  many  of 
chlorine  gas  C3I-SI  are  required  to  make  one  litre  of  nitrogen  gas 
HS-l^  ?  How  many  litres  of  hydrochloric  acid  gas  (IS®!)  are 
also  formed  ? 

253311,  +  3  01-®!  =  eiaoi  4-  jsr^sir. 

Ans.  2  litres  of  ammonia  gas ;  3  litres  of  chlorine  gas,  and  6 
litres  of  hydrocbloric  acid  gas. 

21.  How  many  litres  of  hydrochloric  acid  gas  fISOt)  and  how 
many  of  oxygen  gas  ((EHE))  can  be  obtained  from  one  litre  of 
aqueous  vapor  (Illi®)i  uid  how  many  litres  of  chlorine  gas 
((JJJ-®!)  must  be  used  in  the  process  ? 

21^,®  +  2m-m  ~  4111®!  +  <SXD. 

Ans.  2  litres  of  hydrochloric  acid  gas,  i  litre  of  oxygen  gas,  and 
1  litre  of  chlorine  gas. 

22.  How  many  litres  of  oxygen  gas  (iS>©)  are  required  to  burn 
completely  (i.  e.  to  combine  with)  one  litre  of  atcohol  vapor 
('®iJlI,®)r  aid  how  many  lilres  of  carbonic  anhydride  (®®!)  and 
how  many  of  aqueous  Tapot  (IHi®)  are  formed  by  the  process  ? 
The  chemical  reaction  which  takes  place  when  ^eohol  bums  is 
expressed  by  the  equation 
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©^©  +  3  ©^  =  2  O®,  +  3  351,®. 
Ans.  3  litres  of  oxygen  gas ;  2  litres  of  carbonii;  anhydride,  and 
3  litres  of  aqueous  vapor. 

23.  How  many  litres  of  oxygen  gas  are  required  to  burn  one 
litre  of  arseniurelted  hydrogen  (311,(&8)i  »nd  liow  many  hires  of 
arsenious  aeid  vapor  (,^®J  and  how  manj  of  aqueous  vapor  are 
formed  in  the  process  '/ 

Ans.  2\  litres  of  oxygen  gas ;  1  litre  arsenious  acid  vapor  ajid  1^ 
hires  of  aqueous  vapor. 

24.  IIow  many  Ltres  of  chlorine  gas  can  be  made  with  19.49 
grammes  of  manganie  oxide  (MnOj)  ? 

Ans.  5  litres, 

25.  How  many  grammes  of  chalk  (CaCO^)  are  required  to  jield 
one  litre  of  carbonic  anhydride? 

Ans.  4.48  grammes. 

26.  How  many  litres  of  hydrochloric  acid  gas  (IICI)  can  bo  made 
witi  8.177  kilogrammes  of  common  Bait  (NaCI)  ? 

Ans.  3120. 

27.  How  many  grammes  of  ferrous  sulphide  (FeS)  are  required 
to  yield  seS  crin-'  of  sulphuretted  hydrogen  (//jS)  ? 

FeS  +  {ffiSOt  +  Aq)  =  {FeSOt  -\-  Aq)  -f  m.^. 
Ans.  2.21  gramtaes. 
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CHEMICAL    EQUIVALENCY. 

2G.  Chemical  Equivalents.  —  If  in  a  solution  of  argentic 
sulphate  we  place  u  stvip  of  metallic  copper,  we  find  after  a 
short  lime  that  all  the  silver  haa  separated  fi-om  the  solution, 
and  that  a  certain  quantity  of  copper  has  dissolved  in  its  place. 

iAg,SO,  +  ^j)  +  Cu  =  ( GuSO,  +  Aq)  +  Ag^    [25] 

If  now  we  pour  off  the  solution  of  euprio  sulphate,  and  place 
in  this  Bolutioti  a  strip  of  metallic  zinc,  the  metallic  copper  in 
its  turn  will  all  separate,  and  to  replace  it  a  certain  amount  of 
zinc  will  dissolve. 

(CuSOi  +  ^j)  +  Zn  =  {ZnSO,+  Aq)  +  Cu.         [26] 

Lastly,  if  we  pour  off  the  solution  of  zincic  sulp!ial«,  and 
place  in  this  a  strip  of  metallic  magnesium,  the  zinc  will  in  like 
manner  he  replaced  by  magnesium. 

{ZnSO,  +  Jg)  +  mg  =  {MgSO,  +  Aq)  +  Zn.       [27] 

In  experimenia  like  these,  we  can  by  proper  analytical 
methods  determine  the  relative  quantities  by  weight  of  the 
several  metals  which  thus  replace  each  other,  and  we  find  that 
they  are  always  the  same.  Thus,  if  our  first  solution  contained 
108  milligrammes  of  silver,  the  amount  of  each  metal  suc- 
cessively dissolved  and  precipitated  would  be,  of  copper, 
31.7  m.  g.,  of  zinc,  S2.6  m.  g.,  of  magnesium,  12  m.  g.  More- 
over, if,  instead  of  using  in  our  experiments  a  metallic  sulphate, 
we  take  a  metallic  chloride,  nitrate,  acetate,  or  any  other  com- 
pound of  the  metals,  we  find  that  the  same  definite  ratios  are 
preserved,  at  least  in  every  case  where  the  substitution  is  pos- 
sible. It  would  appear  then  that  these  relative  quantities  of 
the  several  metals  exactly  replace  each  other  in  all  such  cases. 
They  are,  therefore,  regarded  as  the  chemical  equivalents  of 
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each  otiier,  in  the  sense  that  they  are  capable  of  filling  each 
other's  place. 

In  a  strict  sense,  two  quantities  of  different  eienienls  can 
be  said  to  be  equivalent  W  each  other  only  when  tliey  are 
actually  capable  of  replacing  each  other  in  some  known  cliem< 
ical  reaction,  but  formerly  the  woiii  was  used  witli  a  much 
■wider  significance,  and  quantities  of  two  different  elements 
were  said  to  be  equivalent  to  each  other  if  they  had  been 
proved  to  be  equivalent  to  the  same  quantity  of  some  third 
element  which  served  as  a  link  of  connection.  In  this  way 
an  equivalency  may  be  established  between  all  the  chemical 
elements,  and  the  system  of  chemistry  still  used  in  many  text- 
books is  based  on  a  system  of  equivalency  so  determined.  If 
the  table  of  chemical  equivalents  on  this  old  system  is  com* 
pared  with  a  table  of  atomic  weights  on  the  new,  it  will  be 
found  that  the  numbers  of  the  one  are  either  ilie  same  as  those 
of  the  other,  or  else  some  very  simple  multiples  of  them.  The 
one  set  of  numbers  can  be  used  in  ail  stochiomelrical  calcula- 
tions in  the  same  way  as  the  other,  and  on  the  old  system  the 
symbols  stand  for  equivalents,  as  in  the  new  they  stand  for 
atomic  weights.  The  equivalents  have  this  advantage,  that 
they  are  tlie  result  of  direct  experiments,  and  are  based  on  no 
hypothesis  In  regard  to  the  molecular  consUtution  of  matter. 
But  this  hypothesis  is  necessary,  in  order  to  correlate  a  large 
number  of  facts  whifih  modern  chemical  investigation  has 
brought  to  light,  and  when  once  made,  the  rest  of  the  system 
follows  as  a  necessary  consequence. 

27.  Qaantivalenee  and  Atomicity  of  the  Elements.  —  If  now, 
Starting  with  the  atomic  weights  as  they  have  been  determined 
or  assumed  in  Table  II.,  we  compare  together  the  different 
elements  from  the  point  of  view  taken  in  the  last  section.  It 
will  be  found,  that,  while  in  some  cases  one  atom  of  one  ele- 
ment is  the  equivalent  of  one  atom  of  another,  in  other  cases, 
it  may  be  the  equivalent  of  two,  three,  or  four  atoms.  Since 
in  the  system  of  this  book  the  symbols  always  stand  for  atomic 
weights,  the  relation  here  referred  to  is  made  evident  whenever 
any  melathetical  reaction  is  expressed  iti  the  form  of  an  equa- 
tion. A  few  examples  will  illustrate  the  point,  and  make 
clear  what  is  meant.  The  reaction  of  aqueous  hydrochloric 
acid  on  a  solution  of  ai-gentic  nitrate  is  expressed  by  the 
equation, 
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{Affl^O,  +  If  CI  +  Aq)  =  (HNO,  -f  Aq)  +  AffCI,  [28] 

and  here  evidently  Jg  changes  places  with  H,  and  hence  one 
atom  of  silver  is  equivalent  to  one  atom  of  hydrogen.  Take 
now  the  reaction  of  dilute  aulpburic  acid  on  zinc,  which  is 
expressed  by  the  equation, 

Zn  +  {K,SO,  +  Aq)  =  iZnSO,  +  Aq)  +  m-SH,    [29] 

and  it  will  be  seen  that  Zn  has  changed  places  wiih  B^,  and 
hence  that  one  atom  of  aiuc  is  the  equiwalent  of  two  atoms  of 
hydrogen.  Lastly,  in  the  reaction  of  water  on  phosphorous 
trichloride,  expressed  by  the  equation, 

ff^H.O,  +  PCl^  =  3BC14-  H,PO^  [301 

it  is  equally  evident  that  P  has  changed  places  with  ff^,  and 
hence  in  this  reaction  one  atom  of  phosphorus  is  equiva- 
lent to  three  atoms  of  hydrogen. 

This  relation  of  the  elements  to  each  other  is  called  by 
Hofmann  quatitivaience  ;  and  selecting  here,  as  in  the  system  of 
atomic  weights,  the  hydrogen  atom  as  our  standard  of  reference, 
the  atoms  of  diffei-ent  elements  are  called  imavalent,  Jivalent, 
(n'valent,  or  quadriv alenl,  according  as  they  are  in  the  sense 
already  indicated  equivalent  to  one,  two,  three,  or  four  atoms 
of  hydrogen.  These  terms  are  very  appropriate,  since  they 
are  all  derived  from  the  same  root  as  our  common  English 
word  equivalent,  wliich  best  expresses  the  fundamental  idea 
that  underlies  the  whole  subject.  We  shall  therefore  adopt 
them  in  this  book,  and,  as  Hofmann  recommends,  designate 
the  quantivalence,  whenever  important,  by  a  Roman  numeral 
placed  over  the  atomic  symbol  thus, 

CI,    0,    %    a 

In  most  cases,  however,  the  quanlivalen  nd     t  d  ^  th 

sufficient  clearness  by  the  dashes,  which  a  e  al      u    d        tl 
book  to  separate  the  parts  of  a  molecula     yn  b  1      Th        m 
ber  of  these  dashes  is  always  the  same  a     h     i  a         1    ce 
of  the  atoms,  or  groups  of  atoms,  on  eithe      d 
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Wilh  these  additions  to  our  notation  we  are  able  lo  express 
by  our  symbols  all  that  was  valuable  in  the  old  system  of 
equivalent^  and  at  the  same  time  all  that  is  peeuliar  to  our 
modern  theories. 

Precisely  (he  same  relations  of  quanti valence  are  luiinifested 
even  more  fully  by  t!ie  compound  radicals,  whenever  in  a 
chemical  reaction  they  change  places  with  elementary  atoms, 
and  their  replacing  value  is  indicated  in  the  same  way.  Thus, 
in  the  following  reaction, 


the  radical  CnH^O,  named  acetyl,  changes  places  with  one  atom 
of  hydrogen,  and  is  therefoi'e  univalent,  while  iu  the  next, 

^^CTj  +  HsN=  sua  4-  OJI^N,  [32] 


the  radical  Cff  is  as  evidently  (rivalenL 

The  quantivaience  of  an  element  or  radical  is  shown,  not  only 
by  its  power  of  replacing  hydrogen  atoms,  but  also  by  its  power 
of  replacing  any  other  atoms  whose  quantivaience  is  known. 
Moreover,  what  is  still  more  important,  the  quantivaience  of  an 
element  or  radical  is  sbown,  not  only  by  its  replacing  power,  but 
also  by  what  we  may  term  its  atom-Jixing  power,  that  is,  by  its 
power  of  holding  together  other  elements  or  radicals  in  a  mole- 
cule. We  may  take  as  examples  the  molecules  of  four  very 
characteristic  compounds,  namely,  hydrochloric  acid,  water, 
ammonia,  and  marsh  gas,  whose  symbols  may  be  written  thus, 

""      H,ff.H,Hia 

By  these  symbols  it  appear',  that,  while  the  univalent  atom  of 
chlorine  can  hold  but  one  atom  of  hydrogen,  the  bivalent  atom 
of  oxygen  holds  two,  the  trivalent  atom  of  nitrogen  three,  and 
the  quadrivalent  atom  of  carbon  four  atoms  of  the  same  ele- 
ment. It  appears,  then,  that  the  Roman  numerals  or  dashes, 
which  represent  the  replacing  power  of  the  atoms  or  radicals, 
represent  abo  the  atom-Jixing  power  of  the  same,  measured 
in  each  case  by  the  number  of  atoms  of  hydrogen,  or  their 
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eqanw  h         h  mo    rad   a  3  can  combine 

oma  muOa  lie  importance  of 

hpn  e  nil  uninoa  number  of 

o  mpudadhsudn  uda  efully  compare 

n        h    ■»  qu         a  es  of  t!ie  da^h 

o   da  h  h  m    k    h    a    m  fi  p  f  tlie  dominant 


Na-  a  K-I  G.,H,-Br  K-  CN; 


The  quanlivalence  of  the  chemical  elements,  especially  as 
indicated  by  their  alom-fijting  power,  is  by  no  means  always 
the  same.  They  constantly  exhibit  under  different  conditions 
an  unequal  atom-fixing  power.     Thus  we  have 

SnOk  and  ^TiO,,       ^Ck  and  PCl^       NH^  and  NH^Q. 

Each  element,  however,  has  a  maximum  power,  which  it  never 
exceeds,  Tliis  we  shall  call  it^  atomicity,  and  we  shall  distin- 
guish the  elements  a^  monads,  dyaJs,  triad',  &c,,  according  lo 
the  number  of  univalent  atoms  or  radicals  they  are  able  at 
most  lo  bind  logellier.  Thus  nitrogen  is  a  pentad,  although 
it  is  more  commonly  trivalenf,  and  lead  is  a  tetrad,  although 
it  is  usually  bivalent.  Again,  sulphur  is  a  hexad,  although 
in  most  of  its  relations  it  is,  like  lead,  bivalent.  In  like 
manner  wiih  other  elements,  one  of  the  few  possible  con- 
ditions is  generally  much  more  common  and  slabJe  than  (he 
rest,  and  this  prevailing  quantivalenee  of  tea  element  is  a 
more  characteristic  property  than  its  maximum  quanliva- 
lence or  atomicity.  A  classiflcalion  of  the  elements  based  on 
their  atomicity  alone  would  contravene  their  most  striking 
analogies,  while  one  based  on  the  prevailing  quantivalenee 
very  nearly  satisfies  all  natural  aflinities.  Moreover,  it  should 
be  addf-d,  that,  while  the  prevailing  quantivalenee  of  the  ele- 
ments is  generally  well  established,  their  atomicity  is  fi-equently 
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still  in  doubt ;  for  the  first  can  generally  be  discovered  by  study- 
ing the  simple  compounds  of  the  elements  with  chlorine  or  hy- 
drogen, while  the  last  is  often  only  manifested  in  tlio-.e  more 
compiex  combinations,  in  regard  to  which  a  difference  of  opin- 
ion ij  possible. 

The  possible  degrees  of  quantivalence  of  «n  elempntary 
atom  are  related  to  each  other  by  a  very  simple  law.  They 
are  either  all  even  or  all  odd.  Thus  the  atom  of  sulphur  may 
be  sextivalenl,  quadrivalent  and  bivalent,  but  is  ne\er  tri\a- 
lent  or  univalent ;  and  on  the  other  hand  the  atom  of  nitrogen 
maybe  quinquivalent,  trivalent  and  uunalent,  but  not  quad- 
rivalent or  bivalent.  Atoms  like  those  of  sulphur,  v,  ho--e  quan- 
tivalence  is  always  even,  are  called  ai/iadt,  while  those  like 
nitrogen,  whose  quaniivalence  is  always  odd,  are  called 
perissads. 

28.  Atomicity  or  Quantivalmce  of  Radicals,  —  When  in  (he 
molecule  of  any  compound  the  dominant  or  central  atom  ia 
united  to  as  many  other  atoms  as  it  can  hold  of  that  kind,  the 
molecule  is  said  to  be  saturated  ;  thus 

BCl,        H,0,        B,N,        H,0 

are  all  saturated  molecules  ;  for,  although  nitrogen  ia  a  pentad, 
it  cannot  without  Die  intervention  of  some  other  atom  or  radical 
hold  more  than  tliree  atoms  of  hydi-ogen.  While  on  the  other 
hand  the  molecules 

CO,  PCI,  and  SnCli 

are  not  saturated,  for  they  can  combine  directly  with  more 
oxygen  or  chlorine,  forming  thus  the  saturated  molecules 

CO.^         POl,  and  Sn  C!,. 

Jf  now  from  a  saturated  molecule  we  withdraw  one  or  more 
atoms  of  hydrogen,  or  their  equivalents,  ihe  residue  may  he  re- 
yarded  as  n  compound  radical  with  em  atomicity  equal  to  the 
number  of  hydrogen  atoms,  or  their  equivalents,  withdrawn. 
Thus,  if  from  the  saturated  molecule  of  marsh  gas  H^C  wq 
withdraw  one  atom  of  hydrogen,  we  get  the  radical  methyl 
SiC,  which  is  a  monad  ;  if  we  withdraw  two  atoms,  we  hare 
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the  radical,  H^C,  which  is  a  dyad;  if  we  withdraw  three, 
there  results  HG,  which  is  a  triad;  and  lastly,  if  we  with- 
draw all  four,  we  tall  back  on  ihe  tetrad  atom  of  carhon.  Acain, 
if  from  the  saturated  molecule  of  nitric  anhydride  ^^Oj  we 
withdraw  one  alom  of  the  dyad  oxygen  O,  it  falls  into  Iwo 
atoms  of  NO-i  eacli  of  which  is  a  monad.  If  now  we  with- 
draw from  NO^  one  of  iis  remaining  atoms  of  oxygen,  we 
Lave  lefiJVO,  which  is  a  triad.  Lastly,  a  molecule  of  sulpjiuric 
anhydride  SO^  wlilch  ia  saturated,  gives,  by  withdrawing  one 
atom  of  oxygeu,  SO^,  which  acts  as  a  bivalent  radical.  These 
considerations  lead  us  to  a  simple  rule,  first  slated  by  Wurlz, 
which  in  almost  every  ease  will  enable  us  to  infer  the  atomicity 
of  any  given  radical.  The  atomicili/^  of  a  compound  radical 
is  always  equal  to  the  nvmber  of  hydrogen  atoms,  or  their  equiva- 
knls,  which  the  radical  may  be  regarded  as  having  lost. 

It  must  not  be  supposed,  however,  that  all  such  radicals  are 
possible  compounds.  In  a  few  cases  only  tliese  residues,  of 
which  we  have  been  speaking,  form  non-saturated  molecules, 
which  are  capable  of  existing  in  a  free  state,  like  those  of  car- 
bonic oxide,  nitric  oxide  and  t-ulphurous  acid.  At  other  times 
they  are  compound  radicals,  which,  by  doubling,  form  molecules 
that  can  exist  in  a  free  state,  as  those  of  cyanogen  gas,  and 
perhaps  also  of  some  hydrocarbons.  Again,  they  appear  as 
compound  radicals,  which  pass  and  repass  in  so  many  chemical 
reactions  as  lo  almost  force  upon  us  the  belief  that  they  have 
a  real  eKislence,  and  i-epresent  (he  actual  grouping  of  the 
atoms  in  ihe  compounds  of  which  they  seem  to  be  an  in- 
tegral pari.  SliII  again,  and  even  more  frequently,  they  can 
only  be  regarded  as  convenient  factors  in  a  chemical  equation. 

impoaud  radical  is  bIhrj's  the  earns  as  Its 
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Questions  and  Problems. 
1.  Analyze  the  following  metathetical  reactions,  showing  in  each 
case  bow  many  parts  of  the  several  elements  are  equivalent  to  one 
part  by  weight  of  hydroc;eR,  and  also  to  how  many  atoms  of  hydnv 
gen  one  atom  of  each  of  the  interchanging  elements  correspouda. 
For  the  atomic  weights  refer  to  Table  H. 

2B-0-ff-\r  Mg  =  Mff-O/H^  4-  HH. 

Wain.  HagneilE  Ilfdrole, 

:  Sha^  +  ZH-O-H. 
-.  ff,tO,^Si  +  4BCL 

2  Make  out  a,  table  of  chemical  equivalents  so  far  as  the  reactions 
of  this  chapter  will  enaUe  you  to  deduce  tbem  from  the  atomic 
weights  given  in  Table  II. 

3.  Analyze  the  following  metathetical  reactions,  showing  in  eack 
case  bow  the  qiiantivalence  of  the  several  compound  radicals  in- 
volved in  the  metathesis,  is  indicated. 

ff-o-ff-\-  { a,N,0}-  0'(  c^,)—(  o,ff,oy  o-h-{-h-  o-{  o^. 


The  namea  of  the  radicals  are  as  follows :  CJI/),  Acetyl ;  CH^ 
Sthjl ;  C,U„  Ethylene ;  C,ff„  Glycerj'l ;  CN,  Cyaaosen. 

4.  IVbat  is  the  atom-fixing  power  or  qnantlvalence  of  the  differ- 
ent atoms  and  radicals  in  the  following  symbols  ? 

K^^StSbS  H.Na-0^'CO  {NH,yO-NO 

n^N.fa,Oi         {HO).lH.N)--{  C\lf^O^        K,SbW,iC,H^O^ 

5.  If  II fi ;  C,ff, ;  CJIfi  (alcohol)  ;  COCl^  (phosgene  gas) ; 
CifffOi  (acetic  acid)  and  C,H,Of  (oxalic  acid)  are  saturated  mole- 
cules, what  is  the  atomicity  of  the  radicals  HO  (hydroxyl)  ;  CjH, 
(ethyl);  C,H,  (ethylene);  C.H^O  (aldehyde);  CO  (carbonyl); 
C,H,0  (acetyl)  and  0,0^  (oxalyl). 
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CDEMICAL    TYPES, 

29.  Tffpes  of  Chemical  Compounds.  —  There  are  three 
modes  or  forms  of  'Atomic  grouping,  to  which  so  I^rge  a  num- 
ber of  substances  ma^  be  referred,  that  they  are  regarcled  as 
moleculai"  types;  or  patterns,  according  lo  which  the  atoms  of 
a  molecule  aie  grouped  together.  These  types  may  be  repre- 
Bented  by  the  general  forrauloa :  — 

k-B  S,E-B'  or     B-Ii-Ii  [33] 

£,  £,  S^M  or  h,  Ji'Ii-A. 
It  will  be  noticed,  that  in  the  first  of  these  types  a  single  uni- 
valent alom  or  radical '  ia  united  to  another  single  univalent 
atom,  that  in  the  second  a  bivalent  atom  binds  together  two 
univalent  atoms  or  their  equivalents,  and  tliat  in  the  third  a 
trivalent  alom  binds  together  three  univalent  atoms,  or  their 
equivalents.  The  dashes  are  used  to  separate  what  has  been 
called  the  central,  the  dominant,  or  the  typical  atom  from  those 
which  it  thus  unites  into  one  molecular  whole,  and  serve  at 
the  same  time  to  point  out  the  parts  of  the  symbol  to  which 
its  affinities  are  directed.  Commas  are  used  to  separate  the 
subordinate  atoms  so  united.  It  will  be  further  noticed,  that 
in  each  case  the  quaniivalence  of  the  dominant  atom  is  equal 
to  the  sum  of  the  qu a nti valences  of  the  subordinate  atoms,  or 
radicals,  on  either  side ;  and  the  pecaliarity  in  each  case  consists 
solely  in  the  relations  of  the  parts  of  the  molecule  which  we 
thus  attempt  to  indicate  by  the  symbol.  The  three  compounds, 
hydrochloric  acid,  water,  and  ammonia, 

ff'Gl,  k,  S-0,  H,  H,  H-^, 
1  Here,  as  elsewhere  through  the  book,  ire  use  the  Eymbol  R  for  any 
nnivalBiit,  R  for  nny  bivalent,  nnd  R  for  any  trivHient  Btom  or  radical.  More- 
over, lo  avoid  unneceseary  repetition,  we  shall  for  the  future  conform  to  the 
generd  usage,  nnd  spenk  of  the  iironis  of  a  radical  as  well  as  of  those  of  nn 
element,  and  nse  Che  word  "  atom  "  as  applying  la  both,  although  the  usage 
frequently  involves  an  obvioos  soiecism. 
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are  generally  taken  as  represenlatives  of  these  (ypes,  and  sub- 
stances are  described  as  belonging  to  the  type  of  hydi'ochlo- 
ric  acid,  to  the  type  of  water,  or  to  the  type  of  ammonia,  as 
the  case  may  be.  These  substances,  however,  are  regarded  as 
tj'pes  in  no  other  sense  than  that  their  molecules  present  tbe 
game  mode  of  grouping  which  is  indicated  above  by  the  more 
general  symboU.  Substances  belonging  to  the  same  type  may 
have  widely  different  properties.  To  the  type  of  water  be- 
long the  strongest  alkalies  and  the  most  corrosive  acids  known. 
In  what,  then,  it  may  be  asked,  does  the  type  outwardly  con- 
sist, or  in  what  is  it  manifested  ?  for  the  grouping  of  the  atoms 
can  only  be  a  matter  of  inference.  The  answer  is,  that  the 
type  of  the  molecules  of  a  substance  is  manifested  solely  by 
ita  chemical  reactions.  Subslances  belonging  to  the  same  type 
are  simply  those  whose  reactions  may  be  classed  together  ac- 
cording to  some  one  general'  plan.  Thus  water,  alcohol,  and 
acetic  acid  are  classed  in  the  same  type,  beitanse,  when  submit- 
ted to  the  action  of  the  same  or  similar  reagents,  they  nndeigo 
a  like  tran.sforniation,  which  seems  to  point  to  a  similarity  of 
atomic  grouping. 

H,  H-o  +  PCh  —  PCT3O  4-  n-ai  4-  h-ci 
H,  Gjh'O  +  PCI,  =  PCho  +  n-a  +  c^^^-a^  [34] 
H,  C.H^O--0  -f  PCk  =  PCI3O  +  N-a  +  c^H^o-a. 


On  studying  these  reactions,  it  will  be  seen  that  both  (he  man- 
ner in  which  the  three  compounds  break  up,  and  ihe  probable 
constitution  of  the  products  formed,  point  to  the  conclusion,  that, 
in  each,  one  biralent  atom  holds  together  two  univalent  atoms 
or  radicals.  It  will  be  found,  in  the  first  place,  that  in  all  three 
cases  the  reaction  consists  primarily  in  the  substitution  of  two 
atoms  of  chlorine  for  one  of  oxygen  in  the  oriirinal  molecule. 
It  will  appear,  in  the  next  place,  that  as  soon  a"  this  dominant 
atom",  which  holds  together  the  parts  of  the  molecule,  is  taken 
away,  each  of  the  three  molecules  splits  up  into  two  others  of  a 
similar  type;  and  lastly,  it  is  evident  from  the  third  example 
that  one  of  the  oxygen  atorna  of  acetic  acid  stands  in  a  very 
■different  relation  to  the  molecule  from  the  other.      All  this 
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points  to  the  inference  jost  made.  At  least,  these  and  a  vast 
number  of  eimilar  reactions  are  best  explained  on  tliis  hypoth- 
esis, and  herein  its  only  value  lies  and  its  probability  rests, 
In  section  27  we  have  already  given  the  sj-rabols  of  «  number 
of  chemical  compounds  so  printed  that  they  can  be  at  once  re- 
ferred to  one  or  the  other  of  the  three  types  here  alluded  to, 
and  it  will  not,  therefore,  be  necessary  to  multiply  examples  in 
this  place. 

30.  Condensed  Tgpes.  —  In  the  same  -way  that  a  bivalent 
atom  may  bind  together  two  univalent  aioms  or  their  equiva- 
lents, BO,  also,  it  may  serve  to  bind  together  two  molecules,  and, 
in  like  manner,  a  trivalent  atom  may  bind  together  tljree  moh- 
cules  into  a  more  complex  molecular  group ;  and  thus  are 
formed  what  are  called  condensed  types.  We  may  represent 
a  double  molecule  of  the  type  of  water  thus,  R^'B^-Ji^  but 
it  must  be  borne  in  mind  that  such  a  symbol  stands  for  two 
molecules,  since,  by  the  very  definition,  two  moleeules  of  the 
same  kind  cannot  chemically  combine.  "We  can,  however, 
solder  them,  as  it  were,  into  one  molecular  whole  by  substituting 

for  the  two  univalent  atoms  Ji^  a  single  bivalent  atom  R, 
when  we  obtain  a  mode  of  molecular  grouping  represented  by 

A^-E^'S,  [35] 

which  may  be  called  the  type'  of  water  doubly  condensed.  The 
constitution  of  common  sulphuric  acid  is  best  represented  afler 
this  type  by  the  symbol, — 

n,'=o,-sb^  [36] 

The  soldering  atom  is  here  the  bivalent  radical  SO3.  Iti  like 
manner,  by  using  a  trivalent  atom,  we  can  solder  together 
three  molecules  of  the  same  water-type,  as  in  the  general 
symbol, — 


[37] 


which  represents  the  type  of  water  trebly  condensed.     In  the 
same  way  we  may  derive  the  symbol, — 
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which  represents  the  type  of  ammonia  doubJy  coniJenseil.  The 
substance  urea,  one  of  the  most  important  of  the  animal  secre- 
tions, is  best  represented  by  a  symbol  after  this  last  type, — 

B^Il^^^^CO  [39J 

where  the  soldering  atom  is  the  bivalent  radical  carbonyl. 

Chemists  have  also  been  led  to  admit  the  existence  of  what 
are  called  mixed  types,  which  are  formed  by  the  union  of  mole- 
cules of  different  types  soldered  together  by  a  single  mulliva- 
lent  atom  or  radical  as  before.  Thus,  t!ie  molecules  of  sul- 
phurous acid  may  be  legarded  as  formed  of  a  molecule  of  water 
soldered  to  a  molecule  of  hydrogen  by  an  atom  of  sulphury!, 
SOi  J  thus,  -ff -  0-B  and  H-B,  united  by  SO^  give 

H'0-SO^-H.  t**'] 

So,  also,  the  composition  of  a  complex  organic  compound 
called  sulphamide,  or  sulphamic  acid,  is  most  simply  expressed 
when  regai-ded  as  formed  by  the  union  of  water  and  ammonia 
soldered  together  by  the  same  radical  sulphuryl ;  thus,  from 

H,  H^N-H,  and  H-O-Hit^  have  H,  H-N-sb.OK       [41] 

Lastly,  if  we  bind  together  on  the  same  principle  molecules 
of  the  type  of  hydrochloric  acid,  we  shall  simply  reproduce 
the  types  of  water  and  of  ammonia,  thus  showing  that  all  the 
types  are  only  condensed  forms  of  the  simplest.  We  must  not, 
therefore,  attach  to  the  idea  of  a  chemical  type  any  deeper  sig- 
nificance than  that  indicated  above.  It  is  simply  a  conven- 
ient mode  of  classifying  certain  groups  of  chemical  reactions, 
and  a  help  iti  representing  them  to  the  mind;  and  we  may 
regard  the  same  substance  as  formed  on  one  type  or  on  the 
other,  as  will  best  Iielp  us  to  explain  the  reactions  we  are  study- 
ing. Moreover,  it  is  frequently  convenient  to  assume  other  types 
besides  those  here  specially  mentioned. 

31.  Substitution.  —  When  cotton-wool  is  dipped  in  strong 
nitric  acid  (rendered  still  more  active  by  being  mixed  with 
twice  its  volume  of  concentrated  sulphuric  acid),  and  after- 
wards washed  and  dried,  it  is  rendered  highly  explosive,  and, 
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although  no  imporlant  change  has  taken  place  in  its  outward 
aspect,  it  is  found  on  analysis  to  have  lost  a  certain  amount  of 
hydrogen  and  to  have  gained  frora  the  nitric  acid  an  equivalent 
amount  of  nitric  peroxide  NO^  in  its  place. 

(^b(-^o)C*    becomes     C{m]SrO,),)0^ 

Under  the  same  conditions  glycerine  undergoes  a  like  change, 
and  is  converted  info  the  explosive  nitro-glyceiine, — 


So,  also,  the  hydrocarbon  naphtha,  called  benzole,  is  char 
into  nitro-benzole,  — 

C,  H^     becomes      G^H^NO^). 


The  last  compound  is  not  explosive,  and  the  explosive  nature 
of  the  first  two  ia  in  a  measure  an  accidental  quality,  and  is 
evidently  owing  to  the  fact  that  into  an  already  complex  struc- 
ture there  have  been  introduced,  in  place  of  the  indivisible  atoms 
of  hydrogen,  the  atoms  of  a  highly  unstable  radical  rich  in  oxy- 
gen. The  point  of  chief  interest  for  our  chemical  theory  is  that 
this  Buhslitution  does  not  alter,  at  least  essentially,  the  outward 
aspect  of  the  original  compound.  Every  one  knows  how  closely 
gun-cotton  resembles  cotton-wool.  In  like  manner  nitro-glycer- 
ine  is  an  oily  liquid  like  glycerine,  and  nitro-benzole,  although 
darker  in  color,  is  a  highly  aromatic  volatile  fluid  like  benzole 
itself.  Products  like  these  are  called  tubstitution  products,  and 
they  certainly  suggest  the  idea  that  each  chemical  compound 
has  a  certain  definite  structure,  which  may  be  preserved  even 
when  the  materials  of  which  it  is  built  are  in  part  at  least 
cJianged.  If  in  the  place  of  firm  iron  girders  we  insert  weak 
wooden  beams,  a  building,  while  retaining  ail  its  outward  as- 
pects, may  be  rendered  wholly  insecure,  and  so  the  explosive' 
nature  of  the  products  we  have  been  considering  is  not  at  all 
incompatible  with  a  close  resemblance,  in  outward  aspecls  and 
internal  structure,  to  the  compounds  from  which  they  were 
derived. 

The  idea  that  each  body  has  a  definite  atomic  structure  is 
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even  more  forcibly  suggesled  by  anotlier  class  of  sub?titution 
producis  flrat  studied  by  Dumas,  in  which  atoms  of  chlorine, 
bromine,  or  iodine  have  taken  the  plaee  of  ihe  hydrogen  aloms 
of  the  original  eotnpound.  Thus,  if  we  act  upon  acetic  acid 
with  chlorine  gas,  we  may  obtain  three  successive  producis,  as 
shown  in  the  following  table,  although  only  the  first  and  the 
last  have  been  fully  investigated. 

Acetic  acid  CJIfi^  or  (C,ff,0)-"-fl- 

ChloracetJc  acid  C,ifr/J)0,    "  (C,H,ab)-0 -k 

Dichloraeetic  acid  C\iH,a,)0,   »  (C,HCl,6)-0 -H 

Triehlovacetic  acid  C,{HCQO,    "  (C,Cl^OyO-iI 

We  cannot,  however,  replace  the  fourth  atom  of  hydrogen 
by  chlorine  ;  and  this  fact  seems  to  prove  that  there  is  a  real 
ditference  between  tliis  atom  of  hydrogen  and  the  other  three, 
and  gives  an  additional  ground  for  the  distinction  we  make 
when  we  write  the  symbol  of  acetic  acid  after  the  type  of  water, 
as  in  the  second  column.  The  three  atoms  of  hydrogen  in  the 
radical  placed  on  the  left-hand  side  of  the  dominant  atom  may 
all  be  replaced  by  chlorine,  but  the  single  atom  of  hydrogea 
placed  on  the  right  cannot  These  products  all  resemble 
acetic  acid  in  that  they  form  with  the  alkalies  crystalline 
salts,  when  the  fourth  atom  of  hydrogen  is  replaced  by  aa 
atom  of  sodium  or  potassium,  as  the  case  may  be. 

It  was  the  study  of  these  and  similar  substitution  products 
which  first  led  lo  the  conception  of  chemical  types,  and  the 
word  as  first  used  was  intended  to  convey  the  idea  of  a  definite 
alruclure,  although  perhaps  as  yet  unknown  ;  but  as  the  theory 
was  extended  more  and  more,  and  to  widely  difierent  chemical 
compounds,  it  was  found  that  the  first  definite  conception  c-ould 
not  be  maintained,  and  the  idea  gradually  assumed  ihe  shape  we 
have  given  it  in  the  last  section.  Still,  the  facts  from  which 
the  original  conception  was  drawn  remain,  and  they  point  no 
less  clearly  now  than  they  did  before  to  the  esistence  of  a  def- 
inite structure  in  all  chemical  compounds  as  the  legitimate  ob- 
ject of  chemical  investigation. 
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32.  Isomorphism,  —  Closely  associated  with  the  facts  of  tlie 
last  section,  wliich  finJ  their  chief  manifestation  in  substances 
of  oi^anic  origin,  are  the  phenomena  of  i^omorplii.-^m,  whicli 
y  conspicuous  among  artiliciat  Eahs  and  nutive  diid- 
;.  1.  erals.     There  seems  to  be  an  intimato 

I  connection  between  chemical  composition 
I  and  crystalline  form,  and  two  substances 
I  which  under  a  like  form  have  an  anal- 
us  composition  are  said  to  be  isomor- 
I  photts.  Thus  the  following  minerals  all 
1  crystallize  in  rhomhohedrons  (Fig.  1,) 
I  which  have  very  nearly  the  same  inler- 
I  facial  angles,  and,  as  the  symbols  show, 
they  have  an  analogous  composition.  They  are  therefore 
isomorphous. 

Calcit*  or  calcic  carbonate  Ca^OfCO 

Magneaife  or  magiicsic  carbonate  Mg^O^-CO 

Chalybdite  or  ferrous            "  Fe-0,'CO 

Diallogite  or  manganous     "  Mn^O^CO 

Smitiiflonito  or  zincic           "  Zn=O^CO 

The  most  cursory  examination  of  these  symbols  will  show 
that  they  differ  from  each  other  only  in  the  fact  that  one  nre 
tallic  atom  has  been  rep       d  by  a  I 

every  metallic  atom  wl     h  h      b 

the  form.     This  is  a   p      b  h  h 

groups  of  elements,  wh    h  aa  a     d        up     f 

isomorphous  elements.     M  a  a  e- 

semblance  between  the  m  mb  rs  y    d         h       g      p     a 

all  their  other  chemical  relations.  These  facts,  like  those  of  the 
last  section,  tend  to  show  that  the  molecules  of  every  substance 
have  a  determinate  structure,  which  admits  of  a  limited  substi- 
tution of  parts  without  undergoing  essential  change,  but  which 
is  either  destroyed  or  takes  a  new  shape  when  in  place  of  one 
of  its  constituents  we  force  in  an  unconformable  element.  A 
well-known  class  of  artificial  salts,  called  the  alums,  affords  even 
a  more  striking  illustration  of  the  principles  of  isomorphism 
than  the  simpler  example  we  have  chosen  ;  but  all  the  bearings 
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of  the  anhject  cannot  be  understood  without  a  knowledge  of 
crystal logra pi ly,  and  we  must  llierefoi'e  refer  for  further  delalla 
to  woi'kx  on  minerHlo^y. 

33.  Rutional  Si/mboU.  —  Chemical  formulce,  like  those  of 
the  last  few  sections,  which  endeavor,  by  grouping  togetlier  the 
elementary  symbols,  to  illustrate  certain  classes  of  reactions, 
and  to  illustrate  the  manner  in  which  ti  complex  molecule  may 
break  up,  are  Ciilled  rational  tymhoh,  and  are  to  be  distinguished 
from  the  simpler  symbols  used  earlier  in  the  book,  which  ex- 
press only  the  relative  proportions  in  which  the  elements  are 
combined,  and  whicli,  since  they  are  simply  expressions  of  the 
results  of  analysis  on  a  concerted  plan,  are  called  empirical 
sgmhoU.  Wlielher  these  rational  symbols  can  be  regarded  in 
any  sense  as  indicating  the  actual  grouping  of  the  material 
atoms  is  very  doubtful,  although  facts  like  those  stated  above 
would  seem  to  indicate  that  such  may  be  the  case,  at  least  to  a 
limited  extent.  It  is  difficult,  for  example,  to  resist  the  con- 
clusion that  in  alcohol  and  its  congenere  the  atoms  Cj/^  are 
grouped  together  in  some  sense  apart  from  die  rest  of  the 
molecule ;  but  then  we  have  no  evidence  of  this  grouping  apart 
from  the  reactions  of  these  compounds,  and,  until  greater  cer- 
tainty is  reached,  it  is  not  best  to  attach  a  signilicance  to  our 
symbols  beyond  the  truths  they  are  known  to  illustrate. 

It  is  objected  to  the  use  of  rational  symbols  that  they  bias 
the  judgment  on  the  side  of  some  theory,  of  which  they  are 
more  or  less  the  exponents.  ISut  when  they  are  used  in  the 
sense  stated  above,  this  objection  has  no  force,  for  the  reactions 
they  prefigure  are  no  less  facts  than  the  definite  proportions  they 
conventionally  I'epreaent,  and  we  employ  one  mode  of  grouping 
the  symbols  or  another,  as  will  best  indicate  the  reactions  we 
are  studying.  Moreover,  as  science  advances,  we  have  every 
reason  to  believe  that  we  shall  gain  more  and  more  knowledge 
of  the  actual  relations  between  the  parte  of  a  material  molecule, 
and  as  has  already  been  intimated,  there  can  hardly  be  a 
doubt  that  in  some  cases  our  rational  symbols  do  express  even 
now  actual  knowledge  of  this  sort,  however  crude  and  partial 
it  may  be.  Our  present  typical  symbols  are  indeed  the  ex- 
pressions of  partial  generalizations,  which,  however  imperfect, 
have  an  element  of  truth.  Hence  it  is  that  they  have  pointed 
out  new  lines  of  investigation,  tiave  led  to  new  discoveries,  and 
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have  been  of  the  greatest  value  to  ecience.  They  will  doubt- 
less eoon  be  superseded  by  other  rational  symbol,',  expressing 
other  partial  gene  mlizat ions,  to  serve  theaama  purpose  in  Iheir 
turn  and  be  likewise  forgotten.  We  must  not,  however,  de- 
spise these  temporaiy  exiwdieuls  of  science.  Tliey  are  not  only 
useful,  but  necessary,  and  caunot  mislead  the  student  if  he  re- 
members that  all  such  aids  are  merely  the  scaffoldiugs  ai-ound 
the  science,  on  wiiii^h  the  builders  work.  It  is  from  this  point 
of  view  alone  that  we  are  to  look  at  the  whole  idea  of  cliemi- 
cal  atoms,  which  lii;s  at  the  basis  of  our  modern  chemical 
philosophy.  That  tbis  idea  is  actually  realized  in  ihe  concrete 
form  which  it  lakes  in  some  minds,  can  hardly  be  believed. 
The  true  chemical  idea  of  the  atom  is  more  nearly  represented 
by  the  corresponding  Latin  word  individmtm.  The  atom  is 
the  chemical  individual,  the  unit,  in  which  the  mind  seeks  to 
repose  for  tlie  time  the  individuality  of  that  as  yet  undivided 
substance  we  call  an  element. 

34  Graphic  Symbols.  —  A  more  graphic  method  of  repre- 
senting the  relations  between  the  atoms  of  a  molecule  than 
that  of  our  ordinary  rational  symbols  has  been  contrived  by 
Kekule,  and  lias  a  similar  value  in  aiding  the  conceptions,  and 
thus  facilitating  the  Study  of  cliemistiy.  In  describing  this 
system  we  shall  speak  of  the  possibilities  of  combination  of 
any  polyad  atom  with  monad  atoms  as  so  many  centres  of  at- 
ti'action  or  points  of  attachment,  and,  uUo,  as  so  many  affinities. 
Kekul^  represents  a  monad  atom,  with  its  single  centre,  thus,  Q, 
while  the  symbols  (■  ■\  (^  •  -),  (■  ■  -  ■"),  &c.,  represent 
polyad  atoms  of  different  atomicities.  When  ihe  several  affini- 
ties are  satisfied,  the  points  are  exchanged  for  lines  pointing 
in  the  direction  of  the  attached  atoms.  Thus,  the  symbol  (^ "J 
represents  a  dyad  atom  with  its  two  affinities  satisfied  by  two 
monad  atoms,  as,  for  example,  in  a  molecule  of  water  H-O-H. 

In  like  manner  the  symbol  fiiii  Ivj  !  i  !  o  "^P"^" 
sents  a  molecule  of  nitric  anhydride  ^iOs,  and  the  symbol 
V  '^'  'Xj  V  d  molecule  of  sulphuric  anhydride  SO^^.  Mole- 
cules like  these,  in  which  all  the  affinities  are  satbfied,  are  said  to 
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be  saturated  or  closed,  while  the  atomic  group  NOi,  represented 
by  y — ^^^"'^-Ti  ^^  ""^  point  of  attraction  still  open,  and, 
therelore,  acts  as  a  monad  radical.  So,  also,  the  molecular 
group  SO.;,  represented  by  ^j-fYiTTl'  ^^'^  ^^  ""  ^^^"^  '^^'" 

These  graphic  symbols  enable  ua  to  illustrate  several  impor- 
tant principles  which  could  not  readily  be  understood  without 
tbeir  aid. 

Fi^^t.  In  the  examples  given  in  this  section  thus  far,  the 
quail  ti  vale  nee  of  a  group  of  atoms  of  fhe  same  element  is 
equal  to  the  sum  of  the  q nan li valences  of  all  the  atoms  of  the 

group.  Thus,  in  the  molecule  JV^Oj,  the  group  of  two  pentad 
atoms  presenta  ten  affinities,  and  is  saturated  by  the  group  of 
five  dyad  atoms,  which  presents  the  same  number  of  iiffinities 
in  return.  So,  also,  in  the  molecule  SO3,  a  group  of  three 
dyad  atoms  just  saturates  the  single  hexad  atom  S.  Such,  how- 
ever, is  not  necessarily  the  case,  for  it  frequently  happens  that 
the  similar  atoms  of  such  groups  are  united  among  lliem- 
seives,  and  that  a  portion  of  the  affinities  (necessarily  always 
an  even  number)  are  thus  satisfied.  For  example,  although 
(7  is  a  tetrad  atom,  the  hydrocarbons,  C^He,  C^iff,,  and  C^ff^  are 
all  saturated  molecules,  as  is  shown  by  the  following  graphic 
symbols, 


C,H,  C,H^  C,H, 

and  it  is  evident  that  in  the  first  the  two  carbon  atoms  have 
been  united  by  two,  in  the  second  by  four,  and  in  the  third  by 
BIS,  of  their  eight  affinities,  while  a  corresponding  number  of 
points  to  which  hydrogen  atoms  might  otherwise  have  been  at- 
tached are  thus  closed. 

In  like  manner  we  have  a  well-known  series  of  hydrocar- 
bons, whose  symbols  are 

CH„   C^R^.   C,H^,   C,H,„  C^,^  C^S,„  &c., 

the  molecule  of  each  one  differing  from  that  of  the  last  by  the 
gn)up   Clfi.     In  all  these  compounds  the  carbon  atoms  are 
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tinited  among  Ihemselvea  at  the  smallest  pOBsible  number  of 
points,  as  U  shown,  in  a  single  case,  by  tlie  following  graphic 
Eymbol, 


and  by  constructing  the  graphic  symbols  of  the  othor  members 
of  Uie  gerieB,  it  will  be  easily  seen  that  the  number  of  affinities 
thus  closed  ia  in  every  case  equal  to  2  n  —  2,  while  the  number 
remaining  open  is  in  —  (2n  —  2)=:;2»+2,  where  n 
stands  for  llie  number  of  carboa  atoms  in  ihe  molecule.  Hence, 
while  the  groups  just  mentioned  form  saturated  molecules,  the 
atomic  groups 

Cffs        C^-ff,        G.,ir,        G,Hg        C^i^i&c., 


act  as  univalent  radicals.     The  graphic  symbol  of  ethyl  ia 


a  similar  way  the  graphic  symbols  of 

the  other  i-adicals  may  be  easily  constructed.  In  like  manner 
may  be  also  constructed  the  graphic  symbols  of  the  following 
important  compound  radicals,  which  form  a  series  parallel  to 
the  first,  and  are  all  evidently  dyads :  — 


C^Il, 


CJh 


CJfy,  &C. 


Here  again  the  graphic  symbols  enable  ns  to  explain  a  remark- 
able fact.  These  last  atomic  groups  act  not  only  as  compound 
radicals,  but  also  form  the  molecules  of  definite  hydrocarbons 
(the  first  in  the  series  being  the  well-known  olefiant  gas),  and 
the  difference  in  these  two  conditions  may  be  represented  (o 
the  eye,  in  the  case  of  amylene,  for  example,  as  below ; — 


The  molecule  in  the  first 
of  attraction,  while 
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The  members  of  the  two  classes  of  hydrocarbon  radicals 
mentioned  above  are  the  characteristic  constituents  of  an  im- 
portant class  of  compounds  called  alcohols,  and  hence  they  are 
uKually  called  alcohol  radicals.  If,  in  these  atomic  groups,  we 
substitute  oxygen  for  a  portion  of  the  hydrogen,  one  atom  of 
osygen  always  taking  the  place  of  two  atoms  of  hydrogen,  we 
obtain  still  other  series  of  radical?,  which  are  the  characteristic 
constituents  of  several  important  organic  acid?,  and  belong  to 
the  class  of  acid  radicals,  whicli  will  be  defined  in  ihe  next 
chapter.  Among  the  most  important  of  the  radicals  thus  de- 
rived are  those  of  Ihe  following  series;  — 

CHO        0,H^0        G^H^O        C,H,0        O^^O 

aod  the  student  should  congtmct  the  graphic  symbol  of  each. 

The  compounds  of  carbon  have  been  selected  to  illustrate 
the  apparent  diange  of  atomicity  which  frequently  accompa- 
nies the  grouping  together  of  similar  atoms,  because  this  ele- 
ment is  peculiarly  susceptible  of  such  a  mode  of  combination, 
and  in  fact  the  almost  infinite  variety  of  its  compounds  may  be 
traced  to  this  circumstance.  The  same  phenomenon,  however, 
is  presented,  although  to  a  less  marked  degree,  by  other  ele- 
ments. Thus  arises  the  remarkable  tact  that  a  group  of  two 
atoms  of  a  bivalent  element  has  not  unfrequently  only  the  same 
quantivalence  as  a  single  atom.  For  example,  there  are  two 
compounds  of  mercury  and  chlorine  Hg'Gl^  represented  graphi- 
cally by  /^TyTs  and  [Hg^'Cl^  represented  by  S^W^^-  So  also 
we  have  Cu  0  and  [OuJ  0  TVe  al  o  frequently  meet  with 
another  illustration  ot  Ihi.  same  pnnciple  in  an  important  class 
of  tetr'id  elements  whose  atoms  readily  pair  together,  forming 
an  atomic  group  nhich  is  scxivalent  Thus  are  formed  the 
well  knOHfl  compounds 

lAl^.Ck         [MflJ^Oa         [OJ.O3,  &c 

When  these  same  elements  enter  into  combination  by  single 
atoms,  they  are  almost  invariably  bivalent,  and  thus  we  have, 
in  several  cases,  two  very  distinct  classes  of  compounds,  the 
one  formed  with  the  single  and  the  other  with  the  double  atom 
of  the  element ;  for  example, 
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Fe-Cl^  and  [i^JlC^        Fe-0  and  [IVJIOa- 

It  will  be  noticed  that  althouj^h  in  tlie  compounda  of  the 
second  class  the  quantivaleDce  of  tlie  single  atoms  is  twice  as 
great  as  it  is  in  the  first,  yet  their  atom-fixing  power  is  only 
increased  by  one  Italf,  and  hence  the  name  of  wsjMi-oxides 
or  iesjKi'-chloridea,  &c.,  which  is  frequently  applied  to  them. 

In  order  to  distinguish  the  groups  of  similar  atoms  whose 
affinities  are  all  open,  from  (hose  groups  where  tlie  affinities  ai'e 
in  part  dosed  by  the  union  of  the  atoms  among  themselves,  we 
may,  a«  above,  enclose  the  symbols  of  the  last  in  brackets ;  and 
this  rule  will  generally  he  followed.  In  most  cases,  however, 
the  relations  of  the  pai'ta  of  the  symbol  are  sufficiently  evident 
without  this  aid. 

Secondly.  The  graphic  symbols  illustrate  another  important 
theoretical  principle,  which,  although  almost  self-evident,  might 
be  overlooked  if  not  dwelt  upon  specially  j  namely,  that 
oa  the  multivalence  of  one  or  more  of  its  atoms  depends  the 
integrity  of  every  complex  molecule.  According  to  our  pres- 
ent theories,  no  molecule  can  exist  as  an  integral  unit  unless  its 
parts  are  ail  bound  together  by  such  atomic  clamps.  More- 
over, the  whole  virtue  of  a  compound  radical  consists  in  the 
circumstance  that  it  is  an  incomplete  structure  of  the  same  sort, 
and  its  quantivalence  is  in  every  case  equal  to  the  number  of 
univalent  atoms  (or  their  equivalents)  which  are  required  to 
complete  it,  or  which  it  may  be  regarded  as  having  tost. 
Hence  the  law  of  Wurtz  finds  a  perfect  expression  in  this  sys- 
tem of  gi-aphic  notation. 

Thirdly.  The  graphic  symbols  illustrate  most  forcibly  the 
relations  of  the  parts  of  a  complex  molecule.  Thus,  for  ex- 
ample, the  symbols  of  alcohol  and  acetic  acid  given  below  show 
that  in  these  compounds  the  dominant 
of  oxygen  acts  aa  a  bond  uniting 
a  complex  radical  to  a  single  monad 
atom.  They  also  shovv  how  it  is 
possible  that  three  of  the  atoms  of 
hydrogen  in  acetic  acid  may  stand  in 
a  very  different  relation  to  the  mole- 
cule from  the  fourth  (31).  Again 
they  show  that  the  molecule  of  acetic 
acid  differs  from  lliat  of  alcohol  in  the  ' 


C,Hi-0-H. 
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f»ct  thit  one  djid  afom  has  taken  the  place  of  two  monad 
atoms,  and  lastlj,  they  give  forna  to  the  iJea  of  chemical 
tj  pe>>  so  fir  as  it  Lis  my  real  significance.  IVhen  the  com- 
[osilion  of  a  compound  la  represented  in  tliis  way,  all  the 
iLCidental  or  arbitrary  divi  ions  of  our  ordinary  notation  dis- 
appear, and  onlv  those  are  preserved  which  are  fundamenul. 
\\  e  giun  ihua  more  accurate  conceptions  of  molecular  struc- 
ture We  under  lind  better  the  relations  of  the  various  com- 
pound ndicdia  (compare  S  28),  and,  aboie  all,  we  thus  realize 
the  fill!  meaning  of  the  fundimental  tenet  of  our  new  philoso- 
phj  which  holds  that  each  chemical  molecule  is  a  completed 
'ilruLture  bound  together  in  all  its  parts  by  a  system  of  mutual 
^ItriLtion 

There  11  another  -lystem  of  graphic  symbols,  frequently  used 
m  works  on  modern  chemistry,  which  has  some  advantages 
over  the  one  just  described  In  this  syrtpm  the  atoms  are 
represented  by  smali  cirtlea  circumscribing  the  ordinary  sym- 
bol, and  the  atomicitj  is  indicated  by  dashes  radiating  from 
the^e  circles  A  few  examples  will  sufficiently  illustrate  the 
application  of  this  method 

®  ®  ®  ® 

®-®-®    ®-©-©-®-®    ®-©-©-®-® 

»»»  ®     @  ® 

Akohol.  Atetk  AcM. 

It  is  obvious,  however,  that  the  circles  here  used  are  not  es- 
sential, and  if  we  omit  them,  aud  only  use  dashes  between  the 
dominant  atoms,  and  also,  for  convenience  in  printing,  bring  the 
whole  expression  into  a  linear  form,  using  commas  to  separate 
disconnected  atoms,  and  such  other  signs  as  may  be  necessary  to 
avoid  ambiguity,  we  have  at  once  the  ordinary  system  of  nota- 
tion adopted  in  this  book.  The  graphic  symbols  last  described 
are  merely  an  expansion  of  this  system.  Neverlheiess,  the  prac- 
tice of  developing  the  ordinary  symbols  into  either  of  the  more 
graphic  forms  will  tend  \a  impress  tlie  full  meaning  of  the 
symbols  on  the  mind  of  the  student,  and  will  tlius  greatly  aid 
him  in  acquiring  a  clear  conception  of  the  theory  of  modem 
chemistry. 
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We  may,  however,  extend  the  use  of  dashes  so  as  to  indicate 
the  relations  of  all  the  pans  of  a  compiex  molecuie  by  our  or- 
dinary notaiion.     Thus  we  may  write  the  symbol  of  alcohol 

{lC~C]iH,yO-H, 
or  that  of  acetic  acid 

(lC-C-\m,0)-0-H, 
and  thesp  expanded  Bjmbola  may  frequently  be  used  to  ad- 
vantage m  place  of  the  graphic  forms.  When  thus  developed, 
the  Bjmbol  indicates  the  quantivalence  of  each  of  the  atoms  of 
the  molecule,  and  m  every,  case,  if  the  symbol  is  correctly 
written,  the  number  of  dashes  will  be  one  half  of  the  total 
qnanti valance  of  all  the  atoms  which  are  thus  grouped  together, 
for  each  da-h  evidently  represents  two  aHinities. 

The  remarks  at  the  close  of  the  last  section  apply,  of  course, 
Btill  more  forcibly  to  such  bold  arid  material  conceptions  as 
these  graphic  symbols  appear  to  represent,  and  when  we  re- 
call the  hooke<l  atoms  of  an  elder  philosophy,  we  cannot  but 
smile  to  think  how  closely  our  modem  science  has  reproduced 
what  we  once  considered  as  strange  and  groleaque  fancies.  But, 
absurd  as  such  conceptions  certainly  would  be,  if  we  supposed 
them  realized  in  the  concrete  forms  which  our  diagrams  em- 
body, yet,  when  regarded  as  aids  to  the  attainment  of  general 
truths,  wliich  in  their  essence  are  still  incompreiiensible,  even 
these  crude  and  mechanical  ideals  have  the  very  greatest  value, 
and  cannot  well  be  dispensed  with  in  the  study  of  science. 

Questions  and  Prohhms, 
1.  To  what  types  may  the  following  symbols  be  referred,  and  what 
is  the  quantivalence  of  the  diCercnt  compound  radicals  here  distin- 
guished ?     Study  with  the  same  view  the  symbols  already  given  in 
the  previous  chapter. 

H-iCJf^)         B-(C;H^O)  C^H^         H.rOi(C.JI.jy) 

H-0-(Qfi,)     H-0-(C,ff^O)     Hi-OiiC^Hi)     IIfOf(0,0^ 
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B,H-N-{C^H,0)-0-H  S,ff'N--{C^O,)-0-H 


2.  Analjze  the  following  reactions,  anil  show  tint  by  eomparing 
the  reactions  in  each  group,  the  (j'pical  structure  of  ibe  various 
compounds  way  be  inferred. 

ci-oi      +      H-H     =      HCi     4-      na 

ChLnioe  goB.  Eyilrugep  gBI,  HydivcLlucic  Acid-        Hydrwlilon*:  Acdd. 

ci-ci    +   (QH.oyff  =  (c,if,oyci  +  bci 


B.(c,H,o)-s-\-  Pic%  =  pici^,s-^  {an,oyGi-^HOt 


Ki^0.fE^-\-{C0).(C,H,)'N=KiO.f(CO)4-H,H.(O^.^^I>r 

Cjinle  Elher.  EthyJunliie. 

3.  What  would  be  the  symbols  of  cyanic  acid  and  cyanic  ether  (see 
last  problem),  on  the  su[)p03ition  that  they  contain  the  radical  cyan- 
ogen, and  are  formed  after  the  water  type  ?  Is  the  following  reaction 
compatible  with  that  last  given  ? 

K-o-ii-\-  (0^h:)-o-{CN)  =  (C^H,yo-M-{-  k-o-(cn)} 

and  if  not,  what  conclusion   must  you  draw  in  regard  to  the  two 
compounds  cyanic  ether  and  eyanethohne  ? 

4.  What  bearing  have  the  phenomena  of  substitution  on  the  doc- 
trine of  chemical  types  'I     Does  the  circumstance  that  the  proper- 
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ties  of  the  substitution  products  are  frequently  quite  differeot  from 
those  of  tiiK  original  substance  invalidate  the  doctrine  ? 

5.  Hon  does  the  action  of  chlorine  on  acetic  acid  indicate  that 
this  compound  is  fasliioned  after  a  determinate  tvpe  V  On  what 
particular  fact  doea  this  evidence  chiefly  rest? 

6.  Wliat  bearing  have  the  phenomena  of  isomorphism  on  Ibe  doc- 
trine of  types  ?     Enforce  the  argument  by  some  familiar  illustra- 

7.  The  radical  allyl  C,ff,  is  univalent  in  oil  of  garlic  (C^H^\'S, 
and  in  allylic  alcohol  (C,H^)-0-}I,  but  trivalent  in  glycerine 
(C,Hi)sO^^Hy  Moreover,  this  radical  when  set  free  doubles,  (brming 
a  volatile  hydrocarbon  oil,  which  has  the  composition  (CglI^s(^C,H^), 
and  which  combines  directly  with  bromine,  the  resultingproduet  hav- 
ing the  symbol  (C,ff^)-(C,fIJtBr,.  Represent  these  symbols  by  the 
graphic  method,  and  tlms  explain  the  different  I'elations  of  the 
radical. 

8.  Represent  the  sytnbola  of  phenic  aoid  and  benzoic  acid  by  the 
Becond  grapliio  method,  and  explain  why  the  radical  piienyl  (C^ff^) 
and  benzoyl  (C,//jO)  are  only  univalenL 

9.  Why  is  itthat  the  addition  of  the  atonw  C//,  does  not  change 
tlie  atomicity  of  a  radical? 

10.  What  is  the  quantivalence  of  Al  in  the  symbol  lAl'Ar]lCl,7 
la  there  any  difference  in  the  quantivalence  of  Fe  in  the  two  com- 
pounds Fe-0,'CO  and  [Fe-Fe]10|(S0j)j7  Answerthequestionsby 
the  aid  of  graphic  symbols. 

11.  Is  there  any  difference  in  the  quantivalence  of  nitrogen  in 
potasslc  nitrite  K-O-NO  and  potassic  nitrate  K-O-NOJ 

12.  Represent  by  graphic  symbols  the  difference  between  cyanic 
ether  and  eyanetholine  (see  problems  2  and  3  above). 

13.  The  symbol  {_Ug^Ci,  represents  a  single  molecule,  while 
Na,Ck  represents  two  molecules,  and  would  be  more  properly  writ- 
ten iNaCl.     What  is  the  difference  in  the  two  cases  V 

14.  Represent  by  the  graphic  method  the  symbols  of  potassic  car- 
bonate KtOr{CO)  and  potassic  oxalate  K^^O^'iC^O^,  and  show 
that  both  form  a  perftct  molecular  unit 

15.  Represent  by  the  graphic  method  the  following;  symbols ; 

E.r0.r{G^fT^y        (Propyl  Glycol.); 
E.rOi{C^iO)     (Lactic  Acid.)  ; 
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E/O-ii  C^H^O.^    (Malonic  Acid)  ; 
H.fOf{C^O,)        (Unknown), 
and  tbiia  sbow  that  they  are  formed  afler  the  same  type. 

16.  What  is  the  atom.fixirg  power  or  quantivalence  of  the  ele- 
ments and  radicals,  whieh  appear  in  the  various  symbols  given,  in 
this  chapter?  Develop  these  symbols,  and  show  that  they  repre- 
sent in  each  case  a  single  perfect  molecule. 

N.  B.  The  student  should  practice  developing  the  ordinary  mole- 
cular symbols  into  the  graphic  forms  described  above,  until  he  a  per- 
fectly familiar  with  the  method,  and  has  acquired  a  clear  conception 
of  the  diS'erent  types  of  molecular  structure. 
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BASES,  ACIDS,   AND    SALT9. 

So.  Hydrates,  Alkalies,  Bases.  —  It  is  not  un frequently  the 
case  that  the  teclini:;al  lerms  of  a  Bcience  remain  in  use  long 
after  they  have  lost  liieir  original  meaning.  This  is  peculiarly 
true  of  those  which  we  have  placed  at  the  heat]  of  Ihia  seclion. 
They  have,  with  the  exception  of  the  first,  come  down  to  ua 
from  the  perio  1  ot  alchemy,  and  are  still  retimed  m  the  lan- 
guase  of  trade  and  in  many  woiks  on  practical  science,  n  ih  a 
peculiar  meaning  uhicli  tliey  have  acquued  during  the  laat 
hundred  years  under  the  teaching  of  the  duahstie  theory 
femce  they,  m  miny  cases  at  least,  suggest  erroneous  concep- 
tions in  regard  to  the  constitution  of  themica!  compoundi  it 
would  be  well  if  they  could  be  discai-ded  altoaelhei  ,  but,  as 
this  18  impiacticible,  we  must  endeavor  to  g»e  to  them  aa 
defmite  a  meaning  as  possible. 

The  term  "liydrate"  is  applied  to  a  class  of  compounds  which 
were  formerly  suppased  to  contain  water  aa  such,  but  which  are 
now  believed  to  have  no  closer  relation  to  water  than  is  indi- 
cated by  the  cii-cumstance  that  they  have  the  pame  type,  and 
may  be  formed  from  water  by  replacing  one  of  its  hydrogen 
atoms  with  some  metal.  Thus,  by  acting  on  water  with  potas- 
sium, we  obtain  potassic  hydrate  ;  or,  if  we  use  sodium,  we  ob- 
tain sodic  hydrate. 

IH-O-H -\-  K-K=z^K-0-H  -\-  H-H 

Water-  Potouiuin.       FutoHlc  lly^jraiu.    IlydnffEEii  Ou. 

[42] 
2ff-0-H-{-M-Na  =  2m-0-ff+  ff.fi 

Both  of  these  hydrates,  and  also  those  of  the  very  rare  but 
closely  allied  mefala,  liiliium,  CEesium,  and  rubidium,  are  very 

1  In  studying  this  chnpter  the  atndent  should  endeavor  to  remember  the 
names  iind  symbols  of  the  different  compounds  mentioned.  Hitherto  wa 
have  been  chiefly  em 
of  the  memory  has  ni 
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soluble  in  water,  and  yield  solutions  whicli  corrode  the  skin,  and 
convert  the  tats  into  soapa.  To  all  the  substances  known  to 
then)  which  possessed  these  caustic  qualities  the  alchemists 
gave  the  name  of  alkalies,  and  ihia  term  is  now  applied  to  the 
five  hydrales  just  enumerated.  Tlie  first  two  of  these  are 
commercial  pi'oducts,  and  have  important  applications  in  the 
arts.  They  all  differ  from  tlie  hydrates  of  other  metals  in  that 
they  cannot  be  decomposed  by  heat  alone. 

Again,  if  we  act  on  water  with  calcium  or  magnesium,  we 
obtain  calcic  or  magnesie  hydrate;  hut  the  double  atom  of 
water  is  then  decomposed  by  these  bivalent  melab. 


II.iOfH^  - 


[iSl 


These  two  hydrates,  as  well  as  those  of  the  allied  metals, 
barium  and  strontium,  although  much  less  soluble  in  water 
than  the  alkalies,  still  dissolve  in  this  common  solvent  (o  a 
limited  extent,  and  manifest  decided  caustic  qualities.  When 
dry  they  have  an  earthy  appearance,  and  hence  are  frequently 
known  as  the  alkaline  earths.  They  also  differ  from  the  true 
alkalies  in  the  fact  that  they  are  readily  decomposed  by  heat ; 
and  since  they  are  then  resolved  into  watei'  and  a  metallic 
oxide,  as  the  following  reaction  shows,  the  opinion  formerly 
entertained  in  regard  to  their  composition  was  not  unnatural 

Mff'-  Offf^  =  MgO  +  n,0  [44] 

Moreover,  when  the  anhydrous  oxides  are  mixed  with  water, 
they  enter  into  direct  union  with  a  portion  of  the  liquid.  This 
combination  is  usually  attended  with  tlie  evolution  of  great 
heat,  and  the  process  is  known  as  slaking. 

CaO -\- H.,0  z=^  Cc^O^^H^  [45] 

There  are  many  other  metallic  hydrates  which  are  still  more 
readily  decomposed  by  heat.  These,  as  a  rule,  cannot  bo 
formed  by  the  direct  union  of  the  corresponding  metallic  oxide 
and  water,  but  may  be  obtained  by  adding  to  a  solution  of 
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a  salt  of  the  melal  one  of  the  soluble  hydrates  mentioned 
above.     Thus,  — 

{CuC%  +  2Na'0-H-\-  Ag)  —  (Ou-0./ff,^2NaCl  +  Aq) 


The  hydrates  are  regarded  by  some  chemists  as  compounds 
of  the  metal  with  the  compound  radical  hydroxy!,  and  [heir 
ByraboU  are  tiien  written  after  a  simpler  type,  tiius, — 

C<i-{HO\  Fe-(ffO),  lCr,y(B\ 

Ammonia.  —  Closely  allied  to  these  metallic  hydrates  is  a 
very  remai'kahle  compound,  formed  by  dissolving  ammonia 
gaa,  NB^  in  water.  Althouffh  the  product  re'embles,  in  many 
of  its  physical  relations,  a  simple  solution  of  pas  in  water,  yet 
the  compound  in  all  its  chemii.al  reKlions  acta  like  a  metallic 
hydrate, 

J\W,      +      HO      ~      NH,  0  H 

Am  n  n^  On.  Walft  Am  b  d     Hj    rsls 

which  Ins  led  chemista  to  write  its  symbol  after  the  type  of 
water  ind  to  assume  the  existence  ot  a  univalent  eorapjunl 
radic  il  ^^1  to  which  ha«  been  gn  en  the  nime  of  a  nmonium 
MelttUtc  Oxides  or  Basic  Anht/dride'  — Cltselj  ill  ed  to 
the  metdlic  I  ydiates,  in  the  reUlion  we  are  now  considering, 
are  many  of  the  simfle  compound--  of  the  met  lis  wiih  oxjsen 
which  are  called  la  general  metdllic  oxides      SulIi  compounds 

fa  O         Btt  0         Ph  0         Fe  0         Cv  O        Aq  O 

may  be  regarded  as  formed  from  one  or  more  molecules  of  water, 
by  replacing  all  the  atoms  of  hydrogen  with  those  of  some  metal ; 
and  these  oxides  as  well  as  the  hydra^es  before  mentioned  are 
freqnently  classed  together  under  the  common  title  of  bases, 
although  it  would  be  best  to  confine  Ihia  term  to  the  metallic 
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hydrates  alone,  and  o  d  n^u  h  he  lasic  oxides  as  basic 
anhydrides.     (37) 

Salla.  —  The  aloms  of  hyd  o  n  B  1  remaunng  in  a  metallic 
hydrate  may  be  n-placed  e  a  oms  of  a  w  ell-defined  class 

of  non-metallic  demen  s  and  o  mpound  radnals;  and,  for  a 
reason  wliicli  will  soon  appeaf  he  repkcing  atoms  are  called 
acid  or  negative  radiLa 

From  this  replacement  reaul  s  a  nen  da^a  of  compounds  we 
call  silks.     Thiis,  — 

K-O-H  gives  K-O-a,     also  KONO^  and  K'0-{G,HsO) 

PpUaBiu  Byhaia-       FotauEc  n^pocMorilfl,  FobiBuc  tJilrate.  PotaHjc  Acf  late. 


36.  Acids.  —  Opposed  in  chemical  properties  to  the  so- 
called  bases  is  another  very  important  class  of  compounds 
called  acids.  They  derive  their  name  from  the  fact  that  ihey 
are  generally  soluble  in  water  and  have  a  iharp  or  sour  taste, 
although  there  are  many  exceptions  to  the  rule.  Like  the 
bases,  they  all  coniain  hydrogen ;  but  this  hydrogen  can  no 
longer  be  replaced  by  non-metallic  elements  or  negative  radi- 
cals, but  only  by  metallic  elements  and  positive  radicals,  and  it 
is  herein  that  the  chief  distinction  lies.  Moreover,  the  oppsi- 
tion  of  ibese  two  classes  of  compounds  also  appeal's  in  the  fact 
that,  while  in  bases  the  replaceiible  hydrogen  atoms  are  united 
to  a  metallic  atom  or  positive  radical,  which  for  this  reason  we 
frequently  call  a  ba^ic  radical,  in  the  acids,  on  the  other  hand, 

1  The  word  radical,  as  a»ed  in  chemistry,  stands  for  any  atom  or  group  of 
atoms,  wtiicti  is,  for  ttie  moment,  regnrded  ns  the  principal  constitnent  of  the 
molecules  of  a  given  compound,  and  which  does  not  lose  its  integritj-  in  the 
ordmary  chemical  reactions  to  which  the  snbstaacB  is  liable.  The  distinc- 
Uon  hetwaen  haaio  and  acid  radicals  (or  positive  and  negative  radicals  as  they 
are  more  frequently  called)  will  become  clear  as  we  advance.  It  is  sufficient 
for  the  present  to  state  that,  although  these  terms  imply  an  opposiUoa  ofrela- 
fiimi  rather  than  a  difference  of  qualities,  yet,  as  a  general  rule,  tlie  metallic 
atoms  are  basic  radicals,  while  Hie  non-raetallic  atoms  are  acid  radicals. 
Moreover  it  may  he  added,  that  among  compound  radicals  those  consisting  of 
carbon  and  hydrogen  alone  are  usually  basic,  and  those  containing  also  osy- 
geii  usually  acidj  and,  further,  (hat  of  the  two  most  important  radicals  con- 
taining nitrogen,  ammonium  {NH,)  is  strongly  bnsio,  and  cyanogen  (  CT!)  as 
decidedly  add.  In  this  book,  with  few  exceptions,  the  basic  radicals  are 
always  placed  on  the  left-hand,  and  the  acid  radicals  on  the  right-hand  side, 
of  the  molecular  symbols. 
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the'ie  same  hydrogen  atoms  are  united  as  a  rule  to  a  non- 
metallic  atom  or  neaaiive  radical,  fiequently,  also,  called  as 
above  an  acid  radical  In  mo^t  cases  tlieie  is  a  vinculum 
which  unitee  the  two  parts  of  the  moltcule,  aiid  both  in  acids 
and  in  bases  this  vinculum  con>4isis  usually  of  one  or  more 
oxjgen  atoms  altlioU|rii  in  a  Urge  da-ss  of  acids  the  hydrogen 
atoms  are  united  directly  to  the  radical  without  any  such  con- 
nection Ihe  ai.d-1  of  this  claas  have  by  far  the  simplest 
ci>nsti(ution ,  and  we  uiU  gi^e  e'vamples  of  these  first,  adding 
in  each  ta-e  a  leittion  to  illustrate  the  a  id  relations  of  the 
compound  In  ".ru  Ij  ing  the=e  reactions,  it  must  be  borne  ia 
mind  til  it  the  e\  i  If  nee  ol  ac  dity  is  in  each  case  to  be  found  in 
the  fact  tl  at  one  ir  more  of  the  hjdiogen  atoms  of  the  com- 
pound m'iy  be  riplacel  by  positive  radicah  or  metallic  atoms. 
This  repUcemeni  maj  be  obtained  m  one  of  fotir  waj's,  —  by 
acting  on  the  acid,  either  with  the  metal  itself,  or  with  a  metallic 
oxide,  or  wilb  a  metallic  base,  or  with  a  metalhc  salt. 

(2ffa  +  Aq)  +  mjfa  =  (2  JPa  C?  +  Aq)  +  Et-IH 

(2SCl-'rAq)  -^   ZnO    =     {Zna^   +    H.,0-{-Aq) 

[47] 
{HBr    -j-    K-O-H  -\-  Aq)    =  (KBr  +  H,O^Aq) 


"We  will  next  give  examples  of  more  complex  acids,  in  which 
the  two  parts  of  the  molecule  are  united  by  a  vinculum  of  oxy- 
gen atoms. 

{H-0-(C,H,G)-\-Nn-0~H-\-Aq)^{Nn-0-{C^%O)-^JI^0-\-Aq) 

Sulpbutlc  Acid.  CnpTia  Oxide.        Cnpric  SiiIphAt«H 


Such  acids  as  these  are  called  oxygen  acids.  Like  the 
hydrates,  they  may  be  regarded  aa  compounds  of  hydroxyl, 
but  with  negative  instead  of  .positive  radicals,  thus :  — 
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HO-NO.^  (ffO)fSO^  (ffOl^^PO. 

This  mode  of  writing  the  symbols  is  not  only  frequently  con- 
venient, hut  has  been  of  real  value  by  hi'iiiging  out  unex- 
pected and  important  relations.  It  does  not,  however,  indicate 
any  fundamental  difference  of  opinion  in  regurd  to  the  consti- 
tution of  these  Iiydrates,  and  this  at  once  appears  when  the 
eymhols  are  put  into  the  graphic  form. 

When  an  acid,  like  acetic  acid,  contains  but  one  atom  of  hy- 
drogen, which  is  replaceable  by  a  metallic  atom  or  a  positive 
radical,  it  u  called  monobasic ;  when,  like  sulphuric  acid,  it  con- 
tains two  such  hydrogen  atoms,  it  is  called  dibasic;  when,  like 
phosphoric  acid,  it  contains  three,  it  is  ti'iba^ic,  &c.  Moreover, 
one  evidence  of  this  diffei'ence  of  basicity  u  found  in  the  fact 
that  whereas  a  monobasic  acid  can  only  form  one  salt  with  a 
univalent  radical,  a  dibasic  acid  can  form  two,  and  a,  tiihasic 
three.  Thus,  wliile  we  have  only  one  sodic  nitrate,  there  are 
two  Eodic  sulphates  and  three  sodic  phosphates. 

Na-O-NO^  JffJfa'-0,^PO 


Heulral  Sodic  Sulphils,  BssLc  SuiiLc  PhoBphatB. 

There  is,  however,  but  one  calcic  sulphate,  for,  since  the  cal- 
cium atoms  are  bivalent,  a  single  one  is  autficient  to  replace 
both  of  the  hydrogen  atoms  in  the  acid. 

87.  deid  Anhydrides.  —  Besides  the  acids  properly  so  called, 
all  of  which  contain  hydrogen,  there  is  another  class  of  com- 
pounds which  bear  the  same  relation  to  the  true  acids  which  the 
metallic  oxides  bear  to  the  true  bases.  To  avoid  confusion,  com- 
pounds of  this  class  have  been  distinguished  as  anhydrides}  and 
they  may  he  regarded  as  one  or  more  molecules  of  water  in 
which  all  the  hydrogen  has  been  replaced  by  negative  or  acid 
radicals.  As  among  the  most  important  of  these  we  may 
enumerate  Sulphuric  Anhydride  SO.fO  or  SOs,  Nitric  Anhy- 
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dride  (JVO^ja^O  or  N^O^,  Carbonic  Anhydnde  (70=0  or  GO^ 
Phosphoric  Anbydride  {P0.^£0  or  P^O^,  and  Siiiyic  Auliy- 
dride  Si^Os-  Most  of  the  anlijdrides  unite  directly  with 
water  to  form  acid.i,  and  several  of  the  acids,  when  heated, 
give  off  water  and  are  resolved  into  anhydrides.  [Compare 
ii  and  45.1 

H,0    +     SO^  =  B.f0.fSO, 


ZH,0    +    P.,0,  z=  2fffO^PO 


[49] 


^H^O^B    =  B,0,  4-     311,0 

Boilc  Acid.  Boric  AnhydniU. 

Moreover  in  many  cases  these  anhydrides  will  combine  di- 
rectly with  tlie  metalllu  oxides  to  form  salts;  and  the  reac- 
tions are  best  indiiratsd  by  a  rational  formula,  which  represents 
the  oxide  and  anbydi'ide  as  radicals  in  the  resuliing  compound. 
Thus,  baric  oxide  burns  in  the  vapor  of  sulphuric  anhydride, 
yielding  baric  sulphate ;  and  lime  also  unites  dii-ectly  with  the 
same  anhydride,  although  with  less  energy,  forming  calcic  sut- 

£aO  4-  SO,  =  BaO,  SO^  and  CaO  +  SO,  =  CaO,  SO, 

We  are  thus  led  to  the  old  formulse  of  the  dualisiic  system, 
according  to  which  the  melallic  oxides  were  the  only  true 
bases,  the  anhjdrides  were  the  only  true  acids,  and  the  two 
were  regarded  as  paired  in  all  true  sails.  Bui,  although  in 
its  modern  theories  our  science  has  fortunately  left  the  ruia  to 
which  the  dualistic  ideas  for  so  long  limited  its  pi-ogress,  yet  it 
must  be  remembered,  that,  according  to  our  present  definitions, 
tliese  dualistic  formulae  are  perfectly  legitimate,  and  still  give 
the  simplest  exposition  of  a  large  number  of  important  facts. 

S8.  Sails. — The  definition  of  the  term  "salt"  has  been  clearly 
implied  in  the  dcfiriiiions  of  "  base  "  and  "  acid  "  already  given. 
It  is  any  acid  in  which  one  or  more  atoms  of  hydrogen  have 
been  replaced  wiih  metallic  atoms  or  basic  radicals;  it  is  any 
base  in  which  the  hydrogen  atoms  have  been  more  or  less  re- 
placed by  non-metallic  atoms  or  acid  radicals ;  or  it  may  be  the 
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product  of  the  direct  union  of  &  metallic  oxide  and  an  anhy- 
dride. A  iieutrul  salt  is,  properly  speaking,  one  in  which  all 
the  hydrt^n  atoms,  whether  of  base  or  add,  have  been  re- 
placed as  just  stated.  A  basic  salt  is  one  in  whieh  one  or 
more  of  the  hydrogen  atoms  of  the  base  remain  undisturbed, 
and  therefore  iiiili  capable  of  replacement  by  acid  radicals.  An 
acid  salt  is  one  in  which  one  or  more  of  the  hydrogen  atoms  of 
the  acid  remain  undisturbed,  and  therefore  capable  of  replace- 
ment by  basic  radicals. 

But,  besides  (lie  basic  and  acid  salts,  which  come  under  these 
definitions,  there  are  al«>  others  which  can  be  most  simply  de- 
fined as  consisting  of  several  atoms  of  the  metallic  oxide  to  one 
of  anhydride,  or  of  several  atoms  of  anhydride  to  one  of  the 
metallic  oxide. 

As  an  example  of  acid  salts  of  the  second  class  we  have,  be- 
sides the  two  Bodic  sulphates  mentioned  on  page  85,  also  a 
third,  which  may  he  written  2^^0^0,280^.  This  is  easily  ob- 
tained by  simply  heating  the  acid  sulphate. 

2(ir.  Na^O.^SO.,)  =  Na^O.  2S0,  4-  mfO  [50] 

Add  Sodlc  Enliiliiite.  Sadie  Biiulphale.  Wiicz'. 

If  heated  to  a  slill  higher  temperafure,  one  atom  of  the  anhy- 
dride 13  net  free,  and  the  salt  ialls  back  into  the  neulral  sul- 
phate. 

iV%0,   2S0^  =  Na^O.  SO,     +     g®, 

This  reaction  justifies  the  duallstic  form  given  to  the  symbol; 
but  other  relations  of  the  bisulphate  may  be  better  expressed 
hy  the  following  typical  formula,  — 


a  which  a  group  of  two  atoms  of  SO^,  soldered  together  by 
ne  atom  of  oxygen,  acts  as  a  bivalent  radical. 

As  an  example  of  a  basic  salt  of  the  second  class  we  have, 
1  addition  to  the  two  plumbic  acetates  of  the  normal  type, 

PA^O,<Cs^O)j  and  Ph--0.i{C,H^O),  H 
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a  third  salt  containing  three  times  as  ntacli  lead,  — 

{Ph-0-Ph-0-Pb)--0.i{G^H^O)^  [51] 

in  which  a  group  of  three  atoms  of  lead,  soldered  together  by 
two  alums  of  oxj'gen,  acts  aa  a  bivalent  radical.  Jl  is  evident 
that,  (lieoretically,  any  number  of  inukivalenl  radicala  might  he 
united  in  this  way,  and  also  that  the  complex  radical  thus 
formed  will  have  a  quantivalence  easily  determined  by  esti- 
mating tlie  number  <  f  bonds  which  remain  unsaii-fied ;  hut, 
practically,  the  grouping  cannot  be  caiTied  to  a  very  great  ex- 
tent, for  the  stability  of  "(he  radical  diminishes  with  its  com- 
plexity, and  a  condition  is  soon  reached  when  it  can  no  longer 
suBlain,  if  we  may  so  express  it,  ila  own  weighL  Moreover, 
while  some  radicals,  like  the  atoms  of  lead,  copper,  mercury, 
and  iron,  are  prone  to  group  themselves  in  this  way,  the  larger 
number  show  but  little  tendency  to  this  mode  of  union. 

The  symbols  of  these  acetates  may  also  he  written  on  the 
dualistic  type,  which  represents  them  as  compounds  of  plumbic 
oxide,  PbO,  and  acetic  anhydride,  0,1:1^0^     We  have,  then, — 

PhO,L\H,n,         and         SPbO.CMcO^  [52] 

and  we  may  thus  best  illustrale  the  important  fact  that  the 
second  compound  is  prepared  by  combining  with  the  tirst  an 
additional  quantity  of  plumbic  oxide. 

It  will  appear  on  reviewing  the  symbols  of  the  acid^,  ba'sc, 
and  Balt«  given  in  this  section,  that,  in  by  far  the  greater  num- 
ber, the  two  parts  of  the  molecule  are  held  together  by  one  or 
more  atoms  of  oxygen,  which  act  as  a  vinculum.  Sui'h  com- 
pounds are  called  oxjgen  salts,  u«ing  the  word  salt,  aa  is  fre- 
quently done,  to  stand  for  acids  and  bases,  as  well  s.'i  for  the 
metallic  salts;  and  in  fact  they  all  belong  to  the  -amo 
:ype  of  chemical  compounds.  Since  oxygen  plays  so  impor- 
a  part  in  terrestrial  nature,  we  might  well  expect  that 
.hese  oxygen  compounds  would  hold  a  very  conspicuous  place 
I  our  chemical  science,  —  and  such  is  indeed  the  fact.  Dur- 
ig  the  dualistic  period  the  study  of  chemistry  was  almost 
wholly  confined  to  the  oxygen  compounds,  and.  even  now, 
they  occupy  by  far  the  largeat  ohare  of  a  chemist's  attention. 
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There  is,  however,  another  element,  mmelTi  sulphur,  which 
is  capable  of  filling  the  plice  occupied  by  oxjgeii  in  many 
of  its  cotnpoiinda,  and  (hus  may  be  lormed  a  d[=tmi.t  class  of 
bodies  which  are  called  aulphui  salts  These  compounds  are 
not  nearly  so  numerous  aa  the  oxygen  ftalts,  and  ha\  e  not  been 
so  well  studied,  -.o  that  a  few  examples  will  be  sufRuent  to 
illuslrat«  their  general  composition,  and  the  relUiona  which 
Ihey  bear  lo  the  corresponding  oxygen  compound' 

Oxyqm  Sails  Sulphur  Si!is 


H  0  H 

iKcoTHjdt.tAc,S. 

H  i,  H 

eulphotydrio  A    d 

K-O-H 

K-S-H 

KfO/CO 

K-iSi-CS 

39.  Test-Papers.  —  The  soluble  bases  and  acids,  when  dls- 
solied  m  water,  cause  a  striking  change  of  color  in  certaii] 
vegeUble  dves,  and  these  characteristic  reactions  give  to  the 
chemist  a  ready  means  of  distinguishing  between  these  two 
important  classes  of  compounds.  The  two  dyes  chiefly  used 
for  tins  pu  pose  are  turmeric  and  htmna,  and  strips  of  paper 
colored  wi  b  the  dyes  are  employed  in  testing.  Turmeric 
paper  n  h  ch  is  naturally  yellow,  is  turned  brownish  red  by 
bases  while  litmus  paper,  which  is  natui'ally  blue,  is  turned 
red  by  acids,  and  in  both  eases  the  natural  color  is  restored  by 
a  compound  of  the  opposite  class. 

If  to  a  solution  of  a  strong  base,  like  sodic  hydrate,  we  add 
slotvly  and  carefully  a  solution  of  a  strong  acid,  like  sulphuric, 
we  shall  at  last  reach  a  condition  in  which  the  solution  affecta 
neither  test-paper,  and  it  is  then  said  to  be  neutral.  On  evap- 
orating this  solution  rfe  obtain  a  neutral  salt,  like  sodic  sulphate, 
and  the  presence  in  the  solution  of  the  slightest  excess  of  acid 
or  base  beyond  the  amount  required  to  form  this  salt  would 
have  been  made  evident  by  the  test-papers.  In  such  cases,  we 
may  therefore  use  these  test-papers  to  distinguish  between  uoid, 
basic,  and  neutral  salts,  but  only  with  great  caution ;  for  we  find 
that  when,  as  in  acid-carbonate  of  soda,  a  strong  base  is  asso- 
ciated with  a  weak  acid,  the  reaction  is  stilt  basic,  although 
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the  acid  may  he  greatly  in  excess,  and,  on  the  Other  hand, 
ivheo,  as  in  cupric  sulphate,  a  weak  base  has  been  associated 
with  a  strong  acid,  the  reaction  may  be  strougly  acid  even  in 
the  basic  salts.  Tlie  explanaliou  of  Iheae  apparent  anomalies 
is  to  be  found  in  ihe  fact  that  these  cobi'ed  reagents  are  all 
salts  themselves,  and  Ihe  reactions  examples  of  metathesis. 
The  coloring  matter  of  these  dyes  is  an  acid  which  varies  its 
tint  according  as  the  hydrogen  atoms  have  or  have  not  been 
replaced  ;  and  when,  for  aay  reason,  the  acid  or  ha^e  of  the  salt 
examined  is  not  in  a  condition  to  determine  the  necessary  me- 
tathesis, the  cliaracl eristic  change  of  color  does  not  take  place. 

Unfortunately,  the  facts  just  stated  have  led  to  gi-eat  confu- 
sion in  the  use  of  the  words  "acid"  and  "basic"  as  applied  to 
salts,  since  these  terras  sometimes  liave  reference  solely  to  the 
number  of  atoms  of  hydrogen,  in  the  acid  or  base,  which  have 
not  been  replaced  in  the  formation  of  Ihe  salt,  and  at  other  times 
refer  to  the  reactions  of  the  salt  on  the  colored  reagents  just 
described.  A  confusion  of  this  sort  must  haie  been  noticed  in 
the  names  of  tJie  tliree  phosphates  of  soda  on  page  85.  The 
Eo  called  neutral  phocphate  is  theoretically  an  acid  sail,  and 
the  basic  pho=phate  a  neutral  salt,  but  the  salts  give  with  test- 
papers  the  reactions  nhith  Iheir  names  indicate.  The  theo- 
retical IS  tlie  onlj  legitimite  use,  and  the  one  we  shall  adhere 
to  in  thi=  book,  except  in  i  egard  to  names  of  compounds  which 
cannot  be  arbitranly  changed. 

40  Alcohoh  Fat  Acids,  Elhert. ^Tlie  hydrocarbon  radicals 
mentioned  in  §  34  yield  a  ^ery  large  number  of  compounds 
after  the  type  of  water,  which  are  closely  allied  to  tiie  hy- 
drales  and  anhydrides,  both  acid  and  basic,  just  described.  If 
one  of  the  hydrogen  atoms  in  the  molecule  of  water  is  replaced 
by  either  of  the  univalent  basic  radicals,  methyl,  ethyl,  propyl, 
&c.,  we  obtain  a  class  of  compounds,  called  alcohols,  of  which 
our  common  alcohol  is  the  most  important.  On  the  other 
hand,  if  the  atom  of  hydrogen  is  replaced  by  one  of  the  uni- 
valent acid  radicals,  forroyl,  acetyl,  propionyl,  &c^  we  obtain  an 
important  cla^  of  acid  compounds,  of  which  acetic  acid  (vine- 
gar) is  the  best  known,  but  which  also  includes  a  large  number 
of  fatty  substances  closely  related  to  our  ordinary  fats.  Hence 
the  name  Fat  Acids,  by  which  this  class  of  compounds  is  gen- 
erally designated. 
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Basic  Hydrates  or  AlOThoU. 

Metbylic  Alcohol  (wood  spirits)  CH-s-O-H. 

Eihylic  Alcohol  (common  alcohol)  CJIfO-H. 

Propjlic  Alcohol  GJIfO-H. 

Biitylic  Alcohol  CJI-s  0-H. 

Amylic  Alcohol  (fujel  oil)  CfiaO-H. 

(WItli  em  others  already  knonn.) 

Acid  Hydrates,  Fat  Acids. 
Formic  Acid  H-Q-CHO. 

Acetic  Add  H-O'GJhO. 

Propionic  Acid  E'O-CJi.O. 

Butyric  Acid  E-0-C,E,0. 

Talerianic  Acid  H-O-C^H^O. 

(Wilh  fin«m  oUitTB  BiroBd)'  known.) 

If  now  we  replace  both  of  the  hydrogen  atoms  of  water  by 
the  same  basic  radicals  mentioned  above,  we  obtain  a  class  of 
compounds  called  ethera,  which  correspond  to  the  metallic 
oxides  or  basic  anhydrides ;  and  if  we  replace  the  two  hydro- 
gen atoms  by  the  corresponding  acid  radicals,  we  obtain  a 
similar  series  of  acid  anhydrides.  Lastly,  if  we  replace  one  of 
the  hydixigen  atoms  by  a  basic  radical,  and  the  other  by  an 
acid  radical,  we  get  a  class  of  compounds  also  called  ethers 
(but  distinguished  as  compound  ethers),  which  correspond  to 
the  salts. 

Examples  of  Anhydrides. 

1.  Simple  Ethers. 

Methylic  Elher  GH^-0-GIT^    or  (Cff^)fO. 

Eihylic  Ether  (common  ether)  G^H^-O'G^H^  or  {C^Si)iO. 

2.  Mixed  Ethera. 
Melhyl-ethy]  Ether  GOfO-C^ir^ 
Ethy!-amyl  Ether  C^H^-O-G^H^^, 

3.  Compound  Ethers. 
Acetic  Ether  C^H.-O-G^sO. 

Butyric-methyl  Ether  OH^-O-GtHjO. 

4.  Acid  Anhydrides. 
Acetic  Anhydride  G^Hs6-0'C.,R^0  or  {G^EsO)fO. 

ValerianLc  Anhydride      G^H^O-O-G^^O  or  (_CJI^O)iO. 
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The  positive  radical,  of  which  the  alcohols  consist,  hold  an 
intermediate  position  between  the  strong  basic  radicals  on  the 
one  hand,  and  the  strong  acid  radicals  on  the  other,  and  the 
same  is  Irue  of  the  alcohols  themselves,  which  hold  a  middle 
place  between  the  Blrong  basic  and  the  strong  acid  hydrates. 
This  is  indicated  by  tbe  following  reactions  j  in  what  way  it  is 
left  to  the  student  to  inquire. 

2If-0-C,ff,  +  K'K=  'iK-O-G.M  +  S-II 

2  CH^-0-H-\-  HfOiSO.,=  {CH^).fO}SOi  +  2  H,0 

41.  Glycols.  — The  class  of  hydrates  described  in  the  last  sec- 
tion belong  to  the  simple  type  of  water.  But  we  have  also  a  class 
of  analogous  compounds  belonging  to  the  type  of  watei-  doubly 
condensed.  If  in  the  double  molecule  of  water  (H/O/H.^  we 
replace  one  of  the  pairs  of  hydrogen  atoms  by  either  of  the 
bivalent  positive  radicals,  ethylene,  propylene,  butylene,  &c., 
we  obtain  a  series  of  compounds  closely  resembling  tlie  alco- 
hols, called  glycols,  and  by  substituting  the  related  negative 
radicals  we  obtain  two  series  of  acid  hydrates,  which  stand  in 
the  same  relation  to  tiie  glycols  that  the  fat  acids  hear  to  the 
alcohols.  These  relations  are  shown  in  the  following  scheme, 
which,  however,  includes  only  the  five  first  members  of  each 
of  these  three  series  of  compounds.  It  should  be  noticed  in 
this  connection  that  each  of  the  bivalent  posilh-e  radicals  yields 
two  related  negoiive  radicals,  while  ihe  univalent  posilice  radi- 
cals of  the  last  section  yield  only  one  such  negative  radical; 
and  moreover  that  the  acids  in  the  first  series,  although  dia- 
tomic, are  only  monobasic,  while  those  in  the  second  series  are 
both  diatomic  and  dibasic  (43). 

CJT,'  0./ff,  H^'  O.^C,H^  0  S/  Of  C,  0, 
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Corresponding  to  these  basic  and  acid  hyilrates  wc  have 
also  been  able  to  obtaia  in  several  caBes  the  basiu  and  acid 
anhydrides,  besides  a  very  large  number  of  compound  ethers, 

42,  Glycerines  end  Sugars.  —  In  ihe  alcoliols  one  hydrogen 
atom  from  the  original  typical  molecule  {typical  hydrogen)  re- 
mains undisturbed.  In  the  glycols  there  are  two  sucli  hydro- 
gen atoms,  and  hence  these  compounds  are  frequently  called 
diatomic  alcoliols.  Our  common  glycerine  is  a  tEiatomic  alco- 
Lol,  and  may  be  regarded  as  fonned  from  a  molecule  of  water 
trebly  condensed  (ff^Or^a).  by  replacing  one  of  the  groups  of 
hydrogen  atoms  with  the  (rivalent  radical  glyceryl  {GsH^).  It 
is  probable  tiiat  a  large  number  of  triaioniic  alcohols  or  glycer- 
ines may  hereafter  be  obtained,  but  only  two  are  now  known. 

Propylic  Glycerine  (common  glycerine)  R^^O^GsIT^. 
Amylic  Glycerine  IfyO^OJI^ 

From  the  glycerines  we  may  derive  acids,  anhydrides,  and 
compound  ethers,  bearing  to  each  other  the  same  relations  as 
those  derived  from  the  alcohols  of  a  lower  order,  hut  only  a 
few  of  the  possible  compouuda  which  our  theory  would  foresee 
are  yet  known.  The  natural  fat*  are  compounds  of  glycerine 
with  the  fat  acids  and  it  is  probable  that  our  common  sugars 
are  likewise  derived  from  alcohols  of  a  still  higber  order  of 
atomicity. 

43.  Alomieify  and  Basicity  of  an  Add.  —  By  the  atom~ 
icity  of  a  compound  is  meant  the  number  of  hydrogen  atoms 
which  it  retains  from  the  original  typical  molecule  still  unre- 
placed,  and  the  use  of  Ibis  term  with  reference  to  ihe  basic 
hydrates  has  been  already  abundantly  illustrated  in  this  chap- 
ter. In  the  case  of  the  acids  a  distinction  must  be  made  be- 
tween atomicity  and  basicity,  which  is  frequently  important. 

Tlie  formula  of  every  acid  may  be  written  on  the  type  of  one 
or  more  atoms  of  hydrochloric  acid,  as /4^i '"  which  i^„  stands 
for  the  replaceable  atoms  of  hydrogen,  and  E^  for  all  the  rest 
of  the  atoms  of  the  molecule,  which  may  be  regarded  as  forming 
a  radical  with  an  atomicity  equal  to  the  number  of  replaceable 

hydrogen  atoms.     The  symbols  H-}^Os  ff/sO^  HfPOi  are 
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written  on  this  piinciple  In  each  case  the  aciJ  :«  said  to 
have  the  atomicity  of  the  radical.  The  basicity  of  the  aciJ, 
on  the  other  hand,  depends,  not  on  the  /o(a?  number  of  replace- 
able hydrogen  atom-,  but  on  the  number  wlnth  may  be 
replaced  by  metallic  atoms  or  basic  radicals.  As  a  gem  ral 
rule,  it  is  true  that  the  basicity  is  the  same  as  the  aiomieily, 
but  this  is  not  always  the  case.  Thus  lacliu  acid  is  djatomic 
but  monobasic,  and  the  same  is  true  of  t)ie  othei  acids  homol- 
ogous with  it  (page  02). 


Only  one  atom  of  hydrogen  can  be  replaced  by  a  metallic 
radical,  but  a  second  may  be  replaced  by  either  a  negative  or 
an  alcoholic  radical,  as  in  the  last  three  eymbol,-,  and  in  desig- 
nating the  atom?,  thus  differently  related  to  the  molecuiar  struc- 
ture, it  is  usual  to  call  the  first  basic  and  the  other  alcoholic 
hydrogen. 

We  might,  in  like  manner,  distinguish  betn-een  the  atomicity 
and  the  acidity  of  a  ba^e,  but  this  distinction  has  not  been  found 
as  yet  to  be  of  practical  importance. 

44.  Water  of  CrystaUlzutwn. — Among  ihe  most  strihing  char- 
acieristics  of  the  class  of  compounds  we  call  salts  is  their  sol- 
ubility in  water  and  (heir  tendency  on  separating  from  it, 
in  consequence  of  either  the  evaporation  or  the  cooling  of 
the  fluid,  to  assume  definite  crystalline  forma.  These  crys- 
tals, as  a  general  rule,  are  complex  crystalline  aggregates  of 
molecules  of  the  salt  and  molecules  of  water.  The  water  is 
held  in  combination  by  a  comparatively  feeble  force,  and  may 
be  generally  driven  off  by  exposing  the  salt  to  the  temperature 
of  100°  C.,  when  the  crystals  fall  to  powder.  Sometimes  it  es- 
capes at  the  ordinary  temperature  of  the  air,  when  the  crystals, 
as  before,  fall  to  powder  and  are  said  to  effloresce.  It  thus  evi- 
denfly  appears  that  the  water,  although  an  essential  part  of  the 
crystalline  structure,  is  not  inherent  in  the  chemical  molecule, 
and  hence  the  name  Water  of  Crystallization.    The  presence  of 
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water  of  crystallization  in  a  salt  is  expressed  by  writing  after 
the  symbol  of  the  sail,  nnd  Separated  iram  it  by  a  perioci,  the 
number  of  molecules  of  water  with  whicli  eacb  salt  molecule 
is  asiocialed.     Thus  we  have 


The  same  sail,  when  crystallized,  at  different  temperatures 
not  unfrequently  combines  with  different  amounts  of  water  of 
crystal! iza I  ion,  the  less  amounts  corresponding  to  the  higher 
temperatures.  Thus  manganous  sulphate  may  be  crystallized 
with  three  differeot  amounts  of  water  of  crystallization.  We 
have 

MnSO^.Tff^O  when  crystallized  below  C  C. 

JV/jiSO,.5/7jO       "  "  between  7°  and  20°. 

MnSO,AH,0       "  "  between  20=  and  30°. 

The  crjetalhne  forma  of  these  three  compounds  are  entirely 
different  ii  )m  each  other  ;  and  this  fact  again  corroborates  tha 
View  that  the  molecules  of  water,  while  a  jnirt  of  the  crystalline 
structure,  an.  not  a  part  of  the  chemical  type  of  the  salt.  It 
will  be  well  to  distmguish  the  molecular  aggregate,  which  the 
symbiK  of  this  section  represent,  from  the  simpler  chemical 
molcfuks  bj  a  special  term,  and  we  propose  to  call  them  crys- 
talhne  molecules.  While,  however,  there  is  little  room  for 
difference  of  opmion  in  regard  to  the  relations  in  which  the 
molecules  of  water  stand  to  the  structure  of  most  crystals,  there 
are  ca-es  where  the  condition  ia  apparently  far  less  simple,  and 
where  we  find  the  water  so  firmly  bound  to  the  salt  itself  that 
it  seems  to  form  a  part  of  its  atomic  structure. 

Questions   and   Proi^ms. 

1,  Analyze  reactions  [.12],  Show  what  is  meant  by  a  metallic 
hydrate,  and  define  the  term  alkali.  Write  the  BimiUr  reactions 
which  may  be  obtained  with  lithium,  caesium,  and  rubidium.  Name 
in  each  case  the  class  of  compounds  to  which  the  fairtora  and  pro- 
ducts belong.     Also  represent  these  reactions  by  graphic  symbola. 

2.  Analyze  reactions  [43].  Stale  the  distinction  between  an 
alkaline  earth  and  an  alkali,  and  write  the  similar  reactions  which 
may  be  obtained  with  barium  and  strontium.     Name  in  each  case 
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tbe  class  of  compoundB  to  wbi<;li  the  factors  and  products  belong. 
Also  represent  the  reactions  by  graphic  symbols. 

3.  Analyze  reactions  [44]  and  [45],  and  v/rlte  the  similar  reac- 
tions which  msy  be  obtained  with  eiiher  of  the  metals,  calcium, 
strontium,  barium,  and  magnesium.  ^Vhat  theory  of  the  conslitution 
of  the  metallic  hjdratea  do  these  reactions  suggest  V 


5.  Analyze  reactions  [4G],  and  sbow  that  the  principal  products 
must  be  regarded  as  hydrates.  Name  tbe  class  of  compounds  to 
nhich  tbe  otber  products  and  factors  belong, 

6.  Stale  the  third  theory  which  is  held  in  regard  to  tbe  constitu- 
tion of  tlie  hydi'ates,  and  write  the  symbols  of  the  different  hydrates 
according  to  this  view.  Also  bring  these  ejmboU  into  comparison 
■with  those  of  the  same  compounds  written  after  tbe  other  two  plans, 
and  show  by  means  of  graphic  symbols  how  far  these  forms  are  arbi- 
trary, and  how  far  they  represent  fyndamentsl  differences. 

7.  In  what  sense  may  the  solution  of  ammonia  gas  in  water  be 
regarded  as  an  hydrate  ?  Write  reactions  [4G],  using  ammonic  hy- 
drate instead  of  the  hydrates  of  sodium,  potassium,  and  barium. 

S,  In  what  relation  do  the  metallic  oxides  stand  to  tbe  hydrates  ? 
Define  tbe  term  base. 

9.  Define  the  term  sail,  and  illustrate  your  definition  by  examples, 

10.  Define  the  term  acid.  How  does  an  acid  differ  from  a  me- 
talHe  hydrate  ?  Is  an  acid  necessarily  an  hydrate  7  AVhat  two 
classes  of  acids  may  be  distinguished  7 

11.  What  is  the  distinction  between  an  acid  and  a  basic  radical. 
How  are  they  related  to  the  two  hydrogen  atoms  of  water?  As- 
fluming  that  there  is  no  difference  between  these  two  atoms  in  the 
original  molecule  of  water,  does  not  the  replacement  of  one  of  tbe 
atoms  by  a  radical  of  either  class  alter  the  relations  of  the  second  7 
Is  there  not  an  analogy  between  these  phenomena  and  those  of 
magnetism  ? 

12.  Analyse  reactions  [47  et  seq.],  and  point  out  the  evidence  of 
acidity  in  each  case. 

13.  Analyze  the  following  reactions. 

K-O-H    -i-EF  =  KF  +Sf,0 

Ca--0.fS^  +  H,'0/GO  =  Ca'-O.fCO        +  2R,0 
Ou-O^^H^-\-  2H-0-N0^=  Cu-O,- {NO,), +  211,0 
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NaCl    +  RrOiSO^  =  E,N'a-0^-SOi+^mi 

iNaCl  +  HfOi^SO^  =  M,--0,^SO,      +  2SI®1. 

Point  out  the  different  acids  and  bases.  In  what  does  the  evidence 
of  their  acidity  or  basicity  appear  either  in  these  or  in  reactions  pre- 
viously given '/  Show  in  each  case  how  the  replacement  of  the  hy- 
drogen atoms  is  obtained,  and  illustrate  the  ditference  between  the 
hydn^en  atoms  of  an  acid  and  those  of  a  base.  What  two  classes 
of  acids  may  be  distingnished  ? 

14.  Eegarding  the  hydrates  as  compounds  of  hydroxy!,  how  can 
you  define  tbe  acids  and  bases  of  this  class  'f 

15.  Represent  the  composition  of  nitric,  sulphuric,  and  phosphoric 
acid  by  graphic  symbols,  and  show  that  .(he  two  modes  of  writing 
their  symbols  embody  essentially  the  same  idea. 

IG.  Hydrochloric  acid,  acetic  acid,  nitric  acid,  hydriodio  acid,  hy- 
drobromie  acid,  sulphuric  acid.  Carbonic  acid,  and  phosphoric  acid 
have  what  basicity  ?  Point  out,  in  the  various  reactions  ^ven  in 
this  chapter,  the  evidence  in  each  case  and  write  the  symbols  of  the 
possible  sodic  salts  of  the  different  ai-ids 

17.  What  class  of  compounds  do  the  ijmbols  SOj,  N^Oy  Pfi^, 
COf,  and  SiOj  represent  /  Bj  a  compinaon  ot  ^jmbols  show  how 
these  comjiouiids  may  be  regardul  as  formed  from  wat<?r,  and  how 
they  arc  related  to  the  corresponding  act  li  To  what  class  of  com- 
pounds do  they  stand  in  direct  antithesis  ? 

18.  Define  the  terms  basic  and  acid  hydrate ;  basic  and  acid  an- 
hydride, and  compare  reactions  [4.9]  with  [44  and  45]. 

19.  Analyze  the  reaction,  BaO  +  SO^  =  BaO,  SO^. 

What  reason  may  he  ut^ed  for  writing  the  symbol  of  baric  sulphate 
in  this  way  V  What  was  the  theory  of  the  dualistic  system  in 
regard  to  such  compounds  ?  Represent  the  symbol  by  the  graphic 
metho<l,  and  seek  to  determine  whether  the  dualistic  form  is  compat- 
ible with  the  theory  of  molecular  unity. 

20.  The  following  symbols  represent  compounds  of  what  class? 
H'O'H;   SfOiPO;Fe^O.^H.i;    2H-{H0)i   {PO^)fO; 
E'O-H;     Ga-'O-fS^;  C,HfO-Bi2Sa-0-H;  (C^S„0)i^O; 

Caf  Of  Si  i  K-O-NOi ;  (  CiH„)fO ;  Soi^  Oi^SO^ ;  C^E,-  O-C^^  0. 

7 
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Give  in  each  case  the  name  of  the  compound  ao  far  as  you  are  able 
to  infer  it  I'roni  examples  previouslj-  given,  and  show  how  the  sym- 
bol is  related  to  that  of  water. 

21.  Point  out  the  acid  hasic  and  neutral  salts  among  the  com- 
|K>tuids  represented  by  the  following  symbols :  — 

HyNa-O.'CO       ir,K^Of{C^O.:)    {Hy-0-H3-0-Hj)-0.fS0^ 

What  two  claEse^  of  basic  salts  may  be  distinguished  ?  Convert  the 
symbols  into  the  dualistic  form. 

22.  Analyze  reactions  [49  and  50],  and  show  how  far  thej- justify 
the  dualistic  form  given  to  the  symbols.  Represent  the  same  reac- 
tions in  the  graphic  form. 

23.  What  class  of  compounds  do  the  following  symbols  represent '? 

A0s^SM«        Ag-S-SbS        Ca-S/B^ 
Write  the  symbols  of  the  corresponding  oxygen  compounds. 

24.  Explain  the  theory  of  the  colored  test  papers,  and  the  use  of 
the  terms  acid  and  basic  in  connection  with  them.  To  what  confu- 
sion does  the  double  meaning  of  these  terms  sometimes  lead  ? 

25.  The  members  of  the  series  of  alcohols  stand  in  what  relation 
to  each  other  ?  Does  the  same  relation  exist  between  the  members 
of  the  series  of  fat  acids,  glycols,  &e.  ?  Find  a  general  symbol, 
which  will  represent  the  composition  of  each  of  these  classes  of  com- 
pounds. 

26.  In  what  relations  do  the  alcohols  stand  to  the  fat  acids,  and  the 
glycols  to  the  acids  derived  from  them  ? 

27.  Select  examples  from  each  of  the  classes  of  compounds  de- 
scribed in  sections  40,  41,  and  42,  and  bring  the  symbols  into  com- 
parison with  those  of  some  simple  hydrate  or  anhydride  with  which 
tJiey  exactly  correspond. 

28.  We  are  acquainted  with  a  class  of  compounds  known  as  con- 
densed glycols,  one  of  which  has  the  following  symbol :  — 

HosleaoyGoOgle 
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To  what  class  of  salts  does  this  correspond  ? 

29.  Judging  from  the  following  symbols  of  a  few  of  the  salts  of 
tartaric  acid,  what  conclusion  should  you  reach  in  regard  to  the 
atomicity  and  basicity  of  this  acid  V 

(  0^,)^  jy,i  0,i(  C,II,  0.,) ;        (  G^H,\  ( C^H,  0)f  0^{  C\H^  0^) 

30.  What  is  the  atomicity  and  basicity  of  the  different  acida 
whose  BjTnbols  have  been  given  in  this  chapter?  Does  the  basi- 
city of  the  different  hydrocarbon  acids  (§  40  to  5  43)  appear  lo 
have  any  connection  with  the  number  of  oxygen  atoms  in  the  rad- 
ical? 

31.  How  do  you  explain  the  state  of  combination  of  the  water 
which  enters  into  the  composition  of  most  crystalline  salts?  Show 
by  an  example  how  this  mode  of  combination  is  represented  sym- 
bolically. What  facts  may  be  adduced  in  support  of  the  opinion 
that  the  molecules  of  wat^r  are  not  a  part  of  the  chemical  type  of 
the  salt. 
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CHAPTER    X.^ 

CHEMICAL   NOMENCLATURE. 

45.  On'c/in  of  Mmenclature.  —  Previous  to  the  year  1787 
Ihe  names  given  to  chemical  compounds  nere  not  confirmed  to 
any  general  rules  ;  and  many  of  these  old  names,  such  as  oil  of 
vitriol,  calomel,  corrosive  sublimale,  red  precipitate,  saltpetre, 
tal-toda,  borax,  cream  of  tartar,  Glauber's  and  Epsom  salts,  are 
still  retained  in  common  use.  As  chemical  science  advanced, 
and  the  number  of  known  substances  increased,  it  became 
important  to  adopt  a  scientiflc  nomenclalure,  and  the  system 
wliidi  came  into  use  was  due  almost  entirely  to  Lavoisier,  who 
reported  to  the  French  Academy  on  the  subject,  in  behalf  of  a 
committee,  in  the  year  named  above.  In  the  Lavoisierian 
nomenclature  the  name  of  a  substance  was  made  to  indicate  its 
compMilion  ;  and  at  the  lime  of  its  adoption,  and  for  fifty  years 
after,  it  wja  probably  the  most  perfect  nomenclature  which 
any  scienie  ever  enjoyed.  It  was  based,  however,  on  the 
duahsiic  theory,  of  which  Lavoisier  was  the  father ;  and,  when 
at  la.4t  the  science  outgrew  this  theory,  the  old  names  tost  much 
of  their  significance  and  appropriateness.  Within  the  last  few 
years  the  English  chemists  have  attempted  lo  modify  the  old 
noraencliiture  so  as  to  better  adapt  the  names  lo  our  modem 
ideas.  Unfortunately  the  result,  like  most  attempts  to  mend  a 
worn-out  garment,  is  far  from  satisfactory,  although  it  is  prob- 
ably the  be  t  whi  h  under  the  c  rcum  tance*  could  be  attained. 
The  new  nomenclature  his  not  the  Simplicity  or  unilj  of  the 
old,  and  ilo  rulea  cannot  be  m*«ie  inteliiKible  until  tli  student 
is  more  or  leas  acquainted  with  the  modem  chemicil  theories. 
Fortunately,  however,  the  admit  able  sjstem  of  chemical  sym- 
bols supplies  the  defects  of  tlie  nomenchture,  ani  for  many 
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purposes  may  be  used  ia  its  place.  We  have,  therefore,  devel- 
oped this  system  first,  but  have  also  used,  meanH'liile,  the  corre- 
sponding acienlific  names,  so  tliat  the  student  might  become 
familiar  with  the  nomenclature,  and  g;ilhei'  it'  rules  as  lie 
advanced.  A  brief  summary  of  these  rules  is  all  that  will  be 
necessary  here. 

46,  Names  of  Elemenls.  —  The  name^  of  the  iikmcnli  are 
not  conformed  to  any  fixed  rules.  Those  which  were  known 
before  1787,  such  as  sulphur,  phosphorus,  arsenic,  antimony, 
iron,  gold,  and  the  other  useful  metals,  retain  their  old  names. 
Several  of  the  more  recently  di.-cuvered  elemenis  have  been 
named  in  allusion  to  some  prominent  property  or  some  circum- 
stance connected  with  their  Li=tory:  as  oxygen,  from  i^bs 
ytsvaai  (acid -generator)  ;  hydrogen,  fiom  Ziiap  yeevaai  (wnter- 
generafor)  ;  chlorine,  from  x>^ap6s  (green) ;  iodine,  from  luS^i 
(violet)  ;  bromine,  from  ^pa/ios  (fetid  odor).  The  names  of  liiu 
newly  discovered  metals  have  a  common  termination,  um,  as 
potassium,  sodium,  platinum  ;  and  the  names  of  several  of  the 
newly  discovered  metalloids  end  in  ine,  as  chlorine,  bromine, 
iodine,  fluorine.  Equally  arbitrary  names  hare  been  given  to 
the  compound  radicals;  but,  with  a  few  exceptions,  they  all 
terminate  in  yl  or  eiie,  as  ethyl,  acetyl,  hydroxyl,  and  ethylene, 
acetylene,  &c 

47.  Names  of  Binary  Compounds}  The  simple  compounds 
of  the  elemenis  with  oxygen  are  called  oxides,  and  the  speciflo 
names  of  the  different  oxides  are  formed  by  placing  before  the 
word  "oxide"  the  name  of  the  element,  but  changing  the  termi- 
nation into  ic  or  oua,  to  indicate  different  degrees  of  oxidation, 
and  using  the  Latin  name  of  the  element  in  preference  to  the 
English,  both  for  the  sake  of  euphony  and  in  order  to  secure 
more  general  aijreement  among  different  languages.  When 
the  same  element  unites  with  o-cygen  ia  more  than  two  pro- 
portions, the  Latin  prepositions  or  numeral  adverbs,  sub,  per, 
bis,  &c.,  are  prefixed  to  the  word  "  oxide,"  in  order  to  indicate 
the  additional  degrees.  Formerly  these  compounds  were  called 
oxides  of  the  different  elements,  the  degrees  of  oxidation  being 
indicated  solely  by  the  prefixes ;  and,  as  the  old  names  are  still 
in  very  general  use,  they  are  also  given  in  the  following  ex- 

1  Componniis  of  two  elamaati. 
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Aew  Names. 

Old  Names. 

AgO 

n     Ai^ntic  Oxide    t 

r     Oxide  of  Silver 

N,0 

"     Nitrous  Oxide 

Protoxide  of  Nitroge 

NO 

"    Nitric  Oxide 

Deutoxide  of  Kitrog 

NO, 

"    Nitric  Peroxide 

Peroxide  of  Nitrogen 

FeO 

"     Ferrous  Oxide 

Protoxide  of  Iron 

Fe,0, 

"    Ferric  Oxide 

Sesquioxide  of  Iron. 

An  important  exception  to  the  above  rules  is  made  in  the 
case  of  those  oxides  which,  when  combined  wiih  the  elements 
of  water,  form  acids.  As  has  been  already  stated,  page  85, 
such  compounds  are  called  anhydrides,  but  the  degrees  of  oxi- 
dation are  distinguished  as  before,  thus  :  — 


New  Names. 

Old  Names. 

SO, 

Sulphurous  Anhydride 

or  Sulphurous  Aeid 

so. 

Sulphuric  Anhydride 

■'    Stilpburic  Acid 

^A 

Nilvoua  Anhydride 

"    Nitrous  Acid 

^A 

Nitric  Anhydride 

"    Nitric  Acid 

P.O. 

Phospborous  Anhydride 

"    Phoaphorous  Aeid 

PA 

Phosphoric  Anhydride 

"    Phosphoric  Acid 

CO, 

Carbonic  Anhydride 

"    Carbonic  Acid 

Sio, 

Silicic  Anhydride 

"    SUicicAtid 

The  names  in  common  use,  even  among  chemists,  of  the 
earths,  the  alkaline  earths,  and  the  alhahne  oxide~,  make 
another  important  exception  to  the  general  rules  gn  en  above, 


Al,0, 

Aluminic  Oxide  is  comi 

nonly 

called 

Alumina 

BaO 

Baric  Oxide         " 

Baryta 

SrO 

Strontie  Oxide    " 

" 

Strontia 

CaO 

Calcic  Oxide 

Lime 

MnO' 

Magnesic  Oxide  " 

" 

Magnesia 

Kfi 

Potaaaic  Oxide     " 

Potassa 

Nafi 

Sodic  Oxide 

" 

Soda. 

As  this  last  class  of  oxides  stands  in  the  same  relation  to  the 
bases  in  which  the  previous  class  stands  to  thtf  acids,  they  have 
also  been  called  by  some  chemists  anhydride^. 

The  names  of  the  binary  compounds  of  tlie  other  elements 
are  formed  like  those  of  the  oxides. 
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e  called  Cliloru/es 

"  Bromii/es 

"  "    Iodine  "         "  lotUiles 

"  "    Fluorine        "         "  FluoriWes 

"         "    Sulphur        "        "  Sulpiiirfe* 

"  "    Nitrt^n       "         "  Nliriiles 

"  "    Phosphorus   "         "  PhosphWes 

"  "    Arsenic         "         "  Arsemdei 

"  "    Antimony      "         "  Antimonii/es 

"  "    Carbon  "         "  Carhonides. 

Moreover,  ihe  specific  names  of  ihe  several  compounds  also 
follow  the  analogy  of  the  ojcides,  thus  :  — 

iVew  Names.  Old  Names. 

SnClj  is  Stannous  Chloride  or  Protochloride  of  Tin 

SnCl,  "  Stannic  Chloride  "  Perchloride  of  Tin 

Fe,S  "  Dlferrous  Sulphide  "  SubKllphide  of  Iron 

FeS  "  Ferrous  Sulphide  "  Protosulpliide  of  Iron 

Fe,S,  "  Ferric  Sulphide  "  Sesquisulphide  of  Iron 

FeSi  "  Ferric  Bisulphide  "  Bisulphide  of  Iron 

CaFt,  "  Calcic  Fluoride  "  Fluoride  of  Calcium. 

Here,  again,  mtist  be  noticed  several  exceptions  to  the  gen- 
eral rule.  Several  simple  compounds  of  the  elements  with  hy- 
drogen, of  which  the  hydrogen  is  easily  replaced  with  a  metal 
or  positive  radical,  are  called  acids,  and  relain  the  specific 
names  of  the  old  nomenclature,  thus :  — 

ITCl  or  Ilydric  Chloride  ia  called  Hydrochloric  Acid 

HBr  "  Hydrie  Bromide  "      "  Hydrobromic  Acid 

Ht  "  Hydrie  Iodide  "      "  Hydriodic  Acid 

HFi  "  Hydrie  Fluoride  "      "  HydroHuorie  Acid 

Zr,S  "  Hydrie  Sulphide  "      "  Hydrosulphurie  Acid. 

The  last  compound  is  frequently  called  also  sulphuretted 
hydrogen,  and  several  other  hydrogen  compounds  are  named 
after  the  same  analogy,  while  others  again  are  always  called  by 
their  well-known  trivial  names,  thus  :  — 

H^Sb    is     Antimoniuretted  Hydrogen 

HjAs     "     Arseniuretted  Hjdrc^on 

tI,P      "     ITiosphu  retted  Hydrogen 


H,N- 


Marsh  Gas  or  Light  Carburetted  Hydrogen 
Olefiant  Gas  or,  as  a  radical,  Ethylene. 
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48.  Ternary  Compounds.  —  Of  the  old  class  of  ternary 
compound-.,  it  is  only  those  which  are  furmed  after  the  type  of 
water  for  which  the  rules  of  the  nomenclature  netd  at  present 
be  explained. 

41).  Bases.  —  These  we  call  simply  hydrates,  and  fur  the 
specific  name  we  take  the  name  of  the  positive  radical,  chang- 
ing the  termination  into  ic  or  ous,  and  using  such  prefixes  as 
circumstances  may  require,  thus :  — 

New  Names.  Old  Names. 

K-O-H  is  Potassie  Hydrate  or  Hydrate  of  Potassa 

Ca=0^=n^  "    Calcic  Hydrate      "   Hydrate  of  Lime 

Fe^Oj'H,  "    Ferrous  Hydrate   ' 

FefOm.  "   Ferric  Hydrate     "    j";';™'^';' ^«»4'""'- 

"^  °^    °  '  j     ide  of  Iron. 

(_0'Fe-Fe--OyO,'H,"    Diferric  Hydrate,  the  mineral  Gothite. 

50,  Acids. —  Tlie  inorganic  acids  all  talte  their  speeiflc  namea 
from  tlie  name  of  the  most  characteristic  element  of  the  nega- 
tive radical,  which  is  modilied  by  terminations  and  prefixes  as 
before,  only  the  last  are  usually  taken  from  the  Greek  rather 
than  the  Latin.     Here  the  old  and  the  new  namea  coincide. 

H-0-NO._  is  called  Nitric  Acid 

Ih-OfSO^  "  "       Sulphuric  Acid 

Hi-O^^SO  "  "       Sulphurous  A«id 

H,-Ot'(^S-0-S)  "  "       Hj-posulphurous  Acid 

The  specific  names  of  the  organic  acids  are,  as  a  rule,  arbitrary, 
like  tartaric  acid,  citric  acid,  malic  acid,  gallic  acid,  uric  acid, 
and  the  like. 

51.  Salts.  —  The  name  of  a  salt  is  formed  from  the  name 
of  the  acid  from  which  the  salt  is  derived,  preceded  by  the 
names  of  the  basic  radicals.  When  the  name  of  the  acid  ends 
in  ic  the  termination  is  changed  Into  ate,  when  in  oiis  into  tte. 
Moreoveis  the  temiinationa  ous  and  ic  are  retained  in  connec- 
tion with  the  name  of  the  basic  radical,  and  such  prefixes  are 
used  as  may  be  necessary  for  distinction,  thus  :  — 
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Ca'OfiS-0-ii) 

Fe-O^SO^ 
FeiOXSO,), 
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iVeto  Names, 
19  Calcic  Carbonate 
'   Calcic  Hyposulpbitf 
'  Baric  Sulphite 
'   Ferrous  Sulphate 
'   Ferric  Sulphate 
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Old  Names. 
(Carbonate  of 
1     I.im, 
j  Hyposulphite 
(      of  Lime 


(  Sulpbitt 
Baryl 


j  Protosulphate 

I      of  Iran 

( Pei«ulphate  of 


E,iNH^,Na-0^-PO     "  Hydro-ammonio-sodicPbospbate, 

The  terms  "acid"  and  "basic"  have  been  usei  as  parts  of  the 
name  of  a  salt  ■very  cDnfusedly  We  would  propose  to  hmil 
this  special  use  ot  these  words  to  suih  btlts  as  still  contain 
.  atoms  of  hydiogen,  reflaceable  by  a  raditil  btsic  in  the  first 
case  and  acid  in  the  other  This  use  hjs  been  toUowed  on 
page  87,  where  the  distinction  has  been  pointed  out  between 
Baits  of  this  class  and  those  basic  and  and  «alts  which  may 
be  regarded  as  formed  by  the  cementing  together  of  several 
radicals  into  a  single  complex  gioup  Salts  of  this  last  kind 
we  would  distinguish  by  appropriate  prehxei,  but  as  examples 
of  names  of  both  forms  have  already  been  given  on  tlie  page 
cited,  it  will  be  unnecessary  to  multiply  them  here. 

Questions  and  Problems. 
1.  Give  the  names  of  the  compounds  represented  by  tbo  follow- 
symbols :  — 

a.  KCh        K^O;         K^S;        KfO^SO;        K^OfSO^; 

6.  FeO;  F^O^^H^; ■  Fe-OfCO;  Fe-O.fC^O.,;  IFe^JO^: 
FefiOm-,     lFe,-]W^{2iO,), 

c.  H-Ol;  H-F;  H'O'IfO^;  ff-O-IfO;  IfyO.-SO,; 
ItfOfSO;    SiO^^PO. 

d.  Bff'Ch;  lllff,2''^hi  Cu'S;  ICu.^^S;  Phl^;  KBr; 
lAl^yO^;  ZnO 
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e.  H,K^  OiSO^ ;  H^dt  O^PO ;  H,Na  -  Of  CO ; 
H,K'Of{C,0^). 

f.  If-N;  N^O;  NO;  JUTO.,;  N^O^;  N^O^;  MnO; 
Mn^  Oa !     J/wa  0, ;     Mn  0^ 

2.  Write  the  symbols  of  the  following  compounds  r 
a.  Calcic  Sulphide;  Calcic  Salphite;  Calcic  Hyposulphite;  Cal- 
cic Sulphate;  Calcic  Hydrate  ;    Calcic  Sulphohydrate;  Calcic  Car- 
bonate ;   Calcic  Sulphocarbonate  ;  Calcic  Silicate. 

6.  Water;  Potassic  Hydrate;  Nitric  Acid;  PotasMC  Nitrate; 
Nitric  Anhydride ;  Potassie  Oxide. 

c.  Magnesic  Oxide;  Magnesic  Hydrate;  Magnesic  Nitrate; 
Magneeic  Carbonate ;  Magnesic  Phosphate ;  Animoiuo-magnesic 
Phosphate. 

d.  Cuprous  Chloride;  Cupric  Chloride;  Ferrous  Chloride;  Fer- 
ric Chloride ;  Sulphurous  Anhydride ;  Sulphuric  Anhydride ; 
Phosphorous  Anhydride  ;  Phosphoric  Anhydride. 

N.  B  E\ample3  like  the  above  should  be  greatly  multiplied  by 
the  teacher,  pains  being  taken  t«  group  together  the  names  and 
symbols  in  the  waj  beet  calculated  to  exhibit  their  relations  and  to 
assist  the  memory 
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80LTJTI0M  AND   DIFFUSION. 

52.  Solution,  —  The  solvent  power  of  water  is  one  of  the 
most  familiar  facts  of  common  experience,  and  all  liquids  pos- 
eesa  the  same  power  to  a  greater  or  leas  degree,  but  they  differ 
very  widely  from  each  other  in  the  manLfestation  of  (heir 
solvent  power,  which  for  each  liquid  is  usually  limited  to  a 
certain  class  of  solids.  Thus  mercury  is  the  appropriate  sol- 
vent of  melals,  alcohol  of  resins,  ether  of  fats,  and  water  of  salts 
and  of  similar  compounds  of  its  own  type.  Water  is  by  far  the 
most  universal  solvent  known,  and  for  this  reason,  as  well  as 
on  account  of  its  vety  wide  diffusion  in  nature,  it  becomes  the 
medium  of  most  chemical  changes.  The  phenomena  of  aqueous 
solution  form  therefore  a  very  important  subject  of  chemical 
inquiry,  and  these  alone  wiil  be  considered  in  Ihia  conneeiion. 

The  solvent  power  of  water,  even  on  bodies  of  its  own  type, 
differs  very  greally.  Some  solids,  lilie  potassic  carbonate,  or 
calcic  chloride,  liquefy  in  the  atmospliere  by  absorbing  the 
moisture  it  contains.  Such  salts  are  said  to  deliquesce,  and  are 
rendered  liquid  by  a  very  small  proportion  of  water.  Other 
salts,  like  calcic  sulphate,  require  for  solution  several  hundred 
times  their  weight  of  water,  and  others  again,  like  baric  sul- 
phate, are  practically  insoluble. 

As  a  general  rule  the  solvent  power  of  water  increases  with 
the  temperature;  but  here,  again,  we  observe  the  greatest  dit- 
ferences  between  different  substances.  WTiile  the  solubility 
of  some  salts  increases  very  rapidly  with  the  temperature,  that 
of  others  increases  not  at  all,  or  only  very  slightly ;  and  there 
are  a  few  which  are  actually  more  soluble  in  cold  water  than 
in  hot.  The  solubility  of  each  substance  is  absolutely  definite 
for  a  given  temperature,  and  we  can  determine  by  esperiment 
the  exact  amount  whicli  100  parts  of  water  will  in  any  case 
dissolve.  The  results  of  such  experiments  are  best  represented 
to  the  eye  by  means  of  a  curve  drawn  as  in  the  accompanying 
figure-on  tlie  principles  of  analytical  geometry. 
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The  figures  on  tlie  horizon fal  line  indicate  degrees  of  tempera- 
ture, and  those  on  fhe  vertical  line  parts  of  salt  soluble  in  100 
parts  of  water.  To  find  tlie  solubility  of  any  salt,  for  a  stated 
temperature,  the  curve  being  given,  we  have  only  to  follow  up 
the  vertical  line  corresponding  to  the  temperature  until  it 
reaches  the  curve,  and  then,  at  the  end  of  the  horizontal  line 
which  intersects  the  curve  at  the  eame  point,  we  find  the  num- 
ber of  parts  required.  These  cun.-e3  also  show  in  each  case 
the  law  which  the  change  of  solubility  obeys. 

When  a  liquid  has  dissolved  all  of  a  solid  that  it  is  capable  of 
holding  at  the  temperature,  it  is  said  to  be  saturated  ;  but  when 
saturated  with  one  solid  the  liquid  will  still  exert  a  solvent 
power  over  otliers  ;  indeed,  in  some  cases  the  solvent  power  is 
thereby  increased.  IVhen  several  salts  are  dissolved  together 
in  water,  a  definite  amount  of  metathesis  seems  always  to  take 
place,  and  the  different  positive  radicals  are  divided  between 
the  several  acids  in  proportions  which  depend  on  the  relative 
strength  of  their  affinities,  and  on  the  quantities  of  each  pres- 
ent. If  in  this  way  either  an  insoluble  or  a  volatile  product  is 
formed,  the  solid  or  the  gas  at  once  falls  out  of  the  solution, 
and,  the  equilibrium  being  thus  destroyed,  a  new  metathesis 
takes  place,  and  this  goes  on  so  long  as  any  of  these  products 
can  be  fornicd.  Here,  then,  we  find  a  .=imple  explanation  of  the 
two  important  laws  already  stated  on  page  37. 
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53.  So!ution  of  Gases.  —  Most  liquids,  but  especially  water 
and  alcohol,  exert  on  gases  a  greater  or  less  solvent  power, 
which  is  marked  by  differences  of  manifestation  similar  to 
those  we  liare  already  studied  in  the  case  of  solids,  although 
the  peculiar  physical  conditions  of  the  gas  somewhat  modify 
the  result.  Under  the  same  conditions,  the  volume  of  gas  dis- 
solved is  always  the  same ;  but  it  varies  with  the  pressure  of 
the  gas  on  the  surface  of  the  liquid,  with  the  temperature,  and 
with  the  peculiar  nature  of  the  gas  and  the  absorbing  liquid. 
The  quantity'  of  gas  dissolved  by  one  cubic  centimetre  of  a 
liquid  on  which  it  exerts  a  pressure  of  76  c.  m.  is  called  the 
coefficient  of  absorplion.  This  coefficienl,  in  almost  every  in- 
stance, diminishes  willi  the  temperature  (  but,  as  in  the  case  of 
Eolids,  each  substance  obeys  a  law  of  iis  own,  which  must  be 
determined  by  experiment.  The  observed  values  for  several  of 
the  best  known  giises,  when  absorbed  by  water  and  alcohol,  are 
given  in  the  Chemical  Physics,  Table  VJI.  With  these  data 
we  can  easily  calculate  the  quantity  of  any  of  the=e  gases  which 
ft  given  volume  of  water  or  alcohol  will  absorb,  assuming  Ihat 
the  gas  exerts  on  the  liquid  a  pressure  of  76  c.  m.  Moreover, 
since  the  quantity  of  a  gas  absorbed  Sy  a  liquid  varies  direcily 
as  the  pressure  which  the  gas  exerts  upon  it,  we  can  easily 
calculate  from  the  first  result  the  quantity  absorbed  at  any 
given  pressure.  Again,  it  is  a  direct  consequence  of  the  last 
principle  that  it  a  fixed  temperature  a  giienmass  of  liquid  will 
disiohe  the  same  lolume  ot  gaa,  whatever  miy  he  the  pressure 
La-th,  if  a  radss  of  liquid  is  exposed  to  an  atmosphere  of 
mixed  gaxee,  it  will  absorb  of  each  the  same  quantity  as  if  this 
gas  was  alone  present  and  exerting  on  the  liquid  the  same 
partial  pres-ure  which  falls  to  its  share  in  the  atmosphere 
The  amount  dissolved  of  each  gas  is  ea'ily  calculated  when  the 
partiil  pressure  ind  the  coefficient  of  absorption  ire  known 
It  ia  thus  that  water  abaoihs  the  o\ygen  and  nitrogen  gaaea  of 
our  terrestrial  atmosphere ,  and  the  fact  that  these  two  gv^ea 
are  found  dissolved  in  the  ocean  in  very  different  proportions 
from  those  present  in  the  atmosphere  is  a  conclusive  proof  that 
the  air  is  a  raisture,  and  not,  as  was  formerly  supposed,  a  chem- 
ical compound. 
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54.  SoluHoit  and  Chemical  Change. — There  seems  at  first 
sight  to  be  a  wide  ditt'erence  between  solution  and  (.■liemical 
change  ;  for,  while  in  the  first  tlie  solid  body  becomes  diffused 
through  the  liquid  menstruum  without  losing  its  chemical 
identity  or  deitroying  that  of  the  liquid,  there  is  in  llie  seuond 
a  complete  identification  of  the  combining  substances  in  the 
resniiing  compound. 

The  same  wide  difference  appears  also  between  mechanical 
and  chemical  solution,  which  are  sometimes  confounded  by 
students  because,  unfortunalely,  the  same  term  has  been  applied 
to  both  When  silt  or  sugar  is  dissolved  in  water,  the 
difli-rences  between  salt  and  solvent  are  preserved  ;  but  when 
chalk  IS  dissolved  m  hydrochloric  acid,  or  copper  in  nitric  acid, 
there  is  a  complete  identification  of  the  differences  in  the 
resulting  compound;  and  the  only  ground  for  calling  such 
chemical  chdogea  solution  is  the  fact  that  the  solution  of  the 
resulting  «alt  m  the  water,  used  as  the  medium  of  the  chemical 
change,  is  frequently  an  essential  condition  of  the  process. 

But  if,  instead  of  comparing  extreme  cases,  we  study  the 
whole  range  of  chemical  phenomena,  we  shall  find  that  the 
distinction  is  by  no  means  so  clearly  marked.  In  many  cases 
what  seems  to  be  a  simple  solution  can  be  shown  to  be  a  mixed 
effect  at  least  of  solution  and  chemical  combination ;  and  be- 
tween this  condition  of  things,  where  the  evidence  of  chemical 
combination  is  nnmislakable,  and  a  simple  solution,  like  that  of 
sugar  in  water,  we  have  every  degree  of  gradation.  To  such 
an  extent  is  this  true,  that  the  facts  seem  to  ju-itify  the  opinion 
that  solution  is  in  every  case  a  chemical  combination  of  the 
substances  dissolved  with  the  solvent,  and  that  it  differs  from 
other  examples  of  chemical  change  only  in  the  weakness  of  the 
combining  force. 

The  metallic  alloys  afford  another  striking  illustration  of  the 
same  principle.  They  are  originally  solutions  of  one  metal  in 
another ;  but  in  many  cases  the  result  is  greatly  modified  by 
the  chemical  affinities  of  the  metals  and  their  tendency  to  form 
definite  chemical  compounds. 

55,  Liquid  Diffusion. —  Closely  connected  with  the  phe- 
nomena of  solution  are  those  of  liquid  diffusion.  These  phe- 
nomena may  be  studied  in  their  simplest  form,  by  placing  an 
open  ^1^  filled  with  a  solution  of  some  salt  in  a  much  larger 


oy  Google 


SOLUTION  AND  DIFFUSION.  Ill 

jar  of  pure  water,  as  shown  in  Fig.  8,  and  so  carefullj'  arranging 
the  details  of  the  experiment  that  the  surfaces  of  the  two 
liquids  may  be  brought  in  contact  without  mixing  ihctn  me- 
chanically. It  will  then  be  found  that  the  salt  molecules  will 
slowly  escape  from  the  vial  and  spread 
throughout  the    whole   volume    of  the  ^^'^' 

water.  The  rate  of  the  diffusion  in- 
creases with  the  temperature  equally 
for  all  substances,  and  the  whole  phe- 
nomenon is  probably  caused  by  that 
same  molecular  motion  to  which  we 
refer  the  effecta  of  heat.  At  best,  how- 
ever, the  diffasioQ  is  very  slow,  as  we 
should  expect,  considering  the  limited 
freedom  of  motion  which  the  liquid  . 
molecules  possess.  It  is  found,  also,  that 
the  rale  of  diffusion  differs  very  greatly 
for  the  different  soluble  salts  ;  but  these  may  be  divided  into 
groups  of  equidiffiisive  substances,  and  the  rates  of  diffusion  of 
the  several  groups  bear  to  each  other  simple  numerical  ratios. 
If  a  mixture  of  salts  be  placed  in  the  vial,  it  is  found  that  the 
presence  of  one  salt  affects  to  some  degree  the  diffusion  of  the 
other ;  but  if  the  difference  of  rate  is  considerable,  a  partial 
separation  may  be  effected,  and  even  weak  chemical  compounds 
may  be  thus  decomposed. 

5  6.  Crystalloids  and  OoBoids.  —  There  is  a  very  great  differ- 
ence of  diffusive  power  between  the  ordinary  crystalline  salts 
(including  most  of  the  common  acids  and  bases)  and  such  sub- 
stances as  gum,  caramel,  gelatine,  and  albumen,  which  are 
incapable  of  crystallizing,  and  which  give  insipid  viscid  solu- 
tions, readily  forming  into  jelly ;  hence  the  name  colloids,  from 
KijXXi;,  glue.  The  last  class  is  distinguished  by  a  remarkable 
sluggishness  and  indisposition  to  diffusion ;  as  is  illustrated  by 
the  fact  that  sugar,  one  of  the  least  diffusible  of  the  crystalloids, 
diffuses  seven  times  more  rapidly  tbaa  albumen,  and  fourteen. 
times  more  rapidly  than  caramel.  Our  theories  would  lead  us 
to  believe  that  this  great  difference  o^f  diffusive  power  is  caused 
by  the  fact  that  the  molecules  of  colloids  are  far  more  complex 
atomic  aggregates  than  those  of  crystalloids,  and  therefore  are 
heavier  and  move  more  slowly.     Moreover,  the  diffusive  power 
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is  only  one  of  many  characters  which  point  to  a  great  molecu- 
lar difference  between  these  tn-o  classes  of  substances. 

57.  Dialysis.  —  The  dilference  of  diffusive  power  between 
the  two  cla^ea  of  compounds  distinguished  in  the  last  section 
is  still  further  increased  when  the  aqueous  soiution  is  separated 
from  the  pure  water  by  some  colloidal  membrane,  and  upon  this 
fact  Professor  Graham  of  London,  to  whom  we  owe  our  whole 
knowledge  of  this  subject,  has  based  a  simple  method  of  sepa- 
rating crystalloids  from  colloids,  which  he  calls  dialysis. 

A  shallow  tray  is  prepared  by  stretching  parchment  paper 
(which  is  iUelf  an  insoluble  colloid)  over  one  side  of  a  gutta- 
percha hoop,  and  holding  it  in  place  by  a  somewhat  larger  hoop 
of  the  same  material.  The  solution  to  be  dialysed  is  poured  into 
this  tray,  which  is  then  floated  on  pure  water  whose  volume 
should  be  eight  or  ten  times  greater  than  that  of  the  solution. 
Under  these  conditions  the  crystalloids  will  diffuse  through  tie 
porous  septum  into  the  water,  leaving  the  colloids  on  the  tray, 
and  in  the  course  of  two  or  three  days  a  more  or  less  complete 
separation  of  these  two  classes  of  substances  will  have  taken 
pkce. 

In  this  way  arsenious  acids  and  similar  crystalloids  may  be 
separated  from  the  colloidal  materials,  with  which,  in  cases  of 
poisoning,  they  are  frequently  found  mixed  in  the  stomach ;  and 
by  an  application  of  the  same  method  alumina,  ferric  oxide, 
chromic  oxide,  stannic,  metastannic,  titanic,  molybdic,  tungstic, 
and  silicic  acids  have  all  been  obtained  dissolved  in  water  in  a 
colloidal  condition.  All  these  substances  usually  exist  in  a 
crystalline  condition.  The  colloidal  condition  appears  to  be  an 
abnormal  state,  and  in  almost  all  such  substances  there  is  a 
tendency  towards  the  crystalloid  form, 

68.  Diffusion  of  Gases.  —  Gases  diffuse  much  more  rapidly 
than  liquids,  as  we  should  naturally  expect  from  the  greater 
freedom  of  motion  which  their  molecules  possess.  Moreover, 
if  the  theory  of  the  molecular  condition  of  gases  is  correct,  we 
ought  to  be  able  to  calculate,  the  relative  rates  of  diffusion  of 
different  gases  from  their  respective  molecular  weights.  If  it 
is  true,  as  stated  on  page_13,  that  at  any  given  temperature 

imV  =  i„'r" 
then  it  follows  that 

V:  F'  =  Vim':v']J'»  =  V'Sp-  Gr'.:V'Sp.Gr. 
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Hence,  if  two  masses  of  gas  are  in  contact,  the  molecules  of 
eithdr  gas  must  move  into  the  space  filled  hy  the  other  with 
velociliea  which  are  inversely  proportional  to  the  square  roots 
of  therespeciive  specific  gravities.  If  one  gas  is  hydrogen  (Sp. 
Gr.  ^  1),  and  Ihe  other  oxygea  (Sp.  Gr.  :^  16),  the  molecules 
of  hydrogen  must  move  past  the  section  separating  the  two 
masses  four  times  as  rapidly  as  tliose  of  oxygen ;  and,  since  all 
gas  molecules  occupy  the  same  volume,  it  follows  further  that 
four  volumes  of  hydrogen  must  enter  the  space  filled  hy  the 
oxygen,  while  one  volume  of  oxygen  is  passiug  in  the  opposite 
direction  Numerous  experiments  tiave  fully  confirmed  this 
theoretical  deduction,  and  the  close  agreement  between  theory 
and  experiment  furnishes  important  evidence  in  favor  of  the 
theory  itself.  Such  experiments  can  be  made,  moreover,  with 
great  accuracy,  since  the  molecular  motion  is  not  arrested 
by  various  porous  septa,  which  may  be  used  to  separate  the 
two  masses. of  gas,  and  which  entirely  prevent  the  passage  of 
gas  currents  that  might  otherwise  vitiate  the  results. 
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COMBUSTION. 

50.  27ie  Atmosphere.  —  The  earth  is  surrounded  by  an  ocean 
of  aeriform  matter  called  the  atmosphere,  and  many  of  the  most 
important  chemical  changes  which  we  wlmess  in  nature  are 
caused  by  the  reaction  of  this  atmosphere  on  the  subatances 
which  it  surrounds  and  bathes.  The  great  mass  of  the  atmos- 
phere consists  of  the  two  elementary  gases,  oxygen  and  nitro- 
gen, miiced  together  in  the  proportions  indicated  id  the  follofr- 
iug  table ;  — 

tontalds.  Bj  Volume.  Bj  Wtoght. 


That  the  air  is  a  mixture,  and  not  a  chemical  compound,  is 
proved  by  the  action  of  solvents  upon  it  {§  53)  ;  but,  neverthe- 
less, ihe  analyses  of  air  collected  in  different  counlries,  and  at 
different  heights  in  the  atmosphere,  show  a  remarkable  con- 
stancy' in  its  composition.  Besides  these  two  gases,  which  make 
up  over  93  per  cent  of  its  whole  mass,  the  air  always  contains 
variable  quantities  of  aqueous  vapor,  carbonic  anhydride,  and 
ammonia,  and  sometimes  also  traces  of  various  other  gases  and 
vapors. 

60.  Burning.  —  Of  the  two  chief  constituents  of  the  atmos- 
phere nitrogen  g^s  is  a  very  inert  substance,  and  serves  chiefly 
to  restrain  its  more  energetic  associate.  Oxygen  gas,  on  the 
other  hand,  la  endowed  with  highly  active  affinities,  and  tends 
to  enter  into  combination  with  other  elementary  substances, 
and  with  many  compounds  which  are  not  already  saturated 
with  this  all  pervading  element.  Many  of  these  substances, 
such  as  phosphorus,  aulpliur,  petroleum,  coal,  and  wood,  have 
such  a  strong  affinity  for  oxygen,  that,  under  certain  conditions, 
tbey  will  absorb  it  from  the  atmosphere,  and  combine  with  it 
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□niler  the  evolution  of  heat  and  light.  These  substances  are 
said  to  be  combustible,  and  the  process  of  combination  ia  called 
combustion.  Moreover,  all  burning  wiih  which  we  are  familiar 
in  common  life  consists  in  the  union  of  the  burning  body  with 
the  oxygen  of  the  air.  The  chemical  process  in  these  cases 
may  be  expressed,  like  any  other  chemical  reaction,  in  the  form 
of  an  equation. 

Burning  of  Hydrogen  Gas. 

HydiopeD  Cm-  Aqucoiifl  V«njr. 

Burning  of  Carbon  (  Vharcoal), 

""^"■j^  ®=®  =^®^^""°'  [5i] 

Burning  of  BenzoU. 
2®Ma  +  15®^  =  120®,  +  CSHj®.  [55] 

Burning  of  Alcohol. 
d^S>  +  3®^®  r=  2!g®2  +  Smij©.  [56] 


Burning  of  Sulphur. 

SuliihiiTous  Anhydride. 

S^  +  2®=®  =  2g©,.  [57] 


Burning  of  Phosphorus. 

ITiosphcric  Anhjdrtde. 

IP^E's  +  5®^®  =  2i»aOs.  [58] 

Burning  of  Magnesium. 

2  BSg  +  (EKE)  =  2MgOt  [59] 

The  four  substances,  hydi-ogen  gas,  charcoal,  benzole,  and 
alcohol,  may  be  regarded  as  types  of  onr  ordinary  combustibles ; 
and,  as  ihe  first  four  reactions  show,  the  products  of  their  com- 
bustion are  aeriform;  Moreover,  these  products  are  wholly 
devoid  of  any  sensible  qualities,  and  hence  the  apparent  annihi- 
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lalion  of  Ih^  Ijurtimg  substance,  and  ttie  reason  (hat  for  so  long 
a  period  the  nature  of  the  process  remained  undiaoovereJ.  That 
these  qualities  of  the  products  of  ordinary  combustion  are  not  ne- 
cessary conditions  of  the  process,  but  remarkable  adaptations  in 
the  properties  of  those  combustibles  which  are  our  artificial 
sources  of 'light  and  heat,  is  shown  by  the  fact,  that,  in  the  last 
two  reactions,  the  products  of  the  combustion  are  solids,  while 
in  [57]  the  product  is  a  noxious  suffocating  gas. 

A  careful  inspection  of  the  reactions  will  also  teach  the 
Bludent  several  oiher  important  fjicts  in  regard  to  the  processes 
here  represented.  It  will  be  seen  that,  in  the  burning  of 
hydrogen  gas,  two  volumes  of  hydrogen  gas  and  cue  volume 
of  oxygen  gas  combine  to  form  two  volumes  of  aqueous  vapor. 
It  will  further  be  noticed,  that,  in  the  burning  of  carbon  and  of 
sulphur,  a  given  volume  of  oxygen  gas  yielils  in  each  case  its 
own  volume  of  tlie  aeriform  product.  The  carbon  in  the  one 
case,  and  the  sulphur  in  the  other,  are  absorbed,  as  it  were,  by 
the  gas,  without  any  increase  of  ypliime.  Further,  if  the  ex- 
periments are  made,  which  these  reactions  represent,  it  will 
appear  that,  in  all  those  cases  where  the  combustible  is  repre- 
sented as  a  gas,  the  combustion  is  accompanied  by  flame,  while 
ill  the  case  of  carbon,  which  is  a  fixed  solid,  ihpre  is  no  proper 
flame.  Hence  we  learn  that  flame  is  burning  gas,  and  that 
only  those  substances  bgrn  with  flame  which  are  eiilier  gases 
themselves,  or  which,  at  a  high  temperature,  become  vola- 
tilized, or  generate  combustible  vapors.  Still  other  important 
facts  connected  with  the  process  of  combustion  will  be  learned 
by  solving  the  following  problems  according  to  the  rules  al- 
ready given  (§§  24  and  25). 

Problem.  How  many  cubic  centimetres  of  hydrogen  gas, 
and  how  many  of  oxygen  gas,  are  required  to  foim  one  cubic 
centimetre  of  liquid  water?'  Ans.  I,2i0cin°  of  hydrogen 
gas,  and  620  c  m'  of  oxygen  gas. 

Problem.  How  many  cubic  metres  of  air  are  required  to 
bum  448  kilogrammes  of  coal,  assijmijig  that  the  coal  is  pure 
carbon?     Ans.  833.333  m*  of  oxygen  gas,  or  3,975.8^^°  of 


1  Here,  as  in  all  other  problems  throughout  (be  book,  it  is  underslood,  u 
otbBrmise  expressly  stateil,  tlint  the  measurements  and  weigbIB  are  all  tat 
tlie  stuidard  temperature  BJid  pressure.    (Compare  H  10  '■"'^  l^O 
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Problem.  How  many  cubic  metres  of  carbonic  anhydride 
are  formed  by  ihe  burning  of  1,000  kilogrammes  of  eoal,  aa- 
sumiiig,  as  belbi'e,  that  llie  coal  is  pure  c^jbon  ?      Ans.  1,S60. 

Problem.  How  matiy  litres  <rf  carbonic  anhydri^Je,  and 
how  many  of  aqaeous  vapor,  wonld  be  formed  by  borning  one 
litre  of  benzole  vapof  ?  Ans.  Simple  inspection  of  ihe  ec[Oa- 
tion  «howg  that  6  litres  of  the  first  and  3  litres  of  the  second 
would  be  formed. 

Problem.  How  many  litres  of  earbortic  anhydride,  and  how 
many  of  aqueous  vapor,  would  be  formed  by  burning  one  litre 
of  liquid  alcohol  {C\//^0)  ?  Sp.  Gr.  of  liquid  at  0°  =  0.815. 
Ans.  One  litre  of  alcohol  weighs  815  grammes  or  9,097  criths, 
and,  since  ihe  Sp-.G^.  of  alcoliol  vapor  is  23,  ibis  quantity  of 
liquid  would  yield  395,G  litres  of  vapor.  Hence  there  would 
be  formed  2  X  395,6  ^  791.2  litres  of  carbonic  anhydride,  and 
8  X  395.6=  1,18G.8  litres  of  aqueous  vapor. 

61.  Beca  of  Combustion.  —  The  reactions  of  the  last  section 
represent  only  the  ehemieal  changes  in  (he  processes  of  burning. 
The  physical  effects  which  accompany  the  chemical  changes 
our  equations  do  not  indicate,  but  it  is  these  remarkable  mani- 
festations of  power  which  chiefly  arrest  the  student's  altentiou, 
andonthis  power  the  importance  of  the  processes  of  combua- 
iion  as  sources  of  heat  and  light  wholly  depends. 

The  immediate  cause  of  the  power  developed  in  the  process 
of  combustion  is  to  be  found  in  the  clashing  of  material  atoms. 
Urged  by  that  immensely  powerful  attractive  force  we  call 
chemical  affinity,  the  molecules  of  oxygen  in  the  surroimding 
atmosphere  ru^h,  from  ail  directions,  and  with  an  incalculable 
velocity,  upon  the  burning  body.  The  molecules  of  oxygeti 
thus  acquire  an  enormous  moving  power ;  and  when,  at  the 
moment  of  chemicul  union,  the  onward  motion  is  arrested, 
this  moving  power  is  distributed  among  the  eurr6undin)T  mole- 
cules, and  is  manifested  in  the  phenomena  of  heat  and  light,^ 
(Compare  §  12.) 

1  According  to  our  best  knowledge,  the  phenomenn  of  light  are  merely 
another  manifeatation  of  the  same  molecular  motion  which  causes  the  phe- 
nomenn  of  heat.  When  we  speak  of  the  amount  of  heat  produced,  We  reftr 
always  to  the  total  amount  of  molecular  motion ;  although,  even  in  the  most 
brilliant  illumination,  the  amount  of  mechanical  power  manifeEited  as  light 
appears  to  be  inconsiderable  as  compared  with  that  which  takes  the  form  of 
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The  quantity  of  heat  evolved  during  combustion  varies 
very  greatly  with  tlie  nature  of  the  combustible  employed,  hut 
it  is  always  constant  for  the  same  comb  bl  f  b  m  under 
the  same  conditions,  and  is  exactly  proj  1         1      veight 

of  combustible  consumed.     We  give  in   I     f  11  ble  the 

amount  of  heat  evolved  by  one  kilogramm      f  1  of  the 

most  common  combustibles  when  they  a  "e  b      t  xygen 

gas  in  their  ordinary  pliysical  state.     Th    n  mh  [  resent 

what  is  called  the  caloiific  power  of  th     comb      bl       With 
the  exceplion  of  the    two  last,  which  a  ly  app      imate 

values,  they  are    the  results   of   very  a    u  j      ments 

made  by  Favre  and  Silbermann. 

Calorific  Poieer.  of  Combustibles. 


Hydrogen, 

34,4(i3 

Sulphur,                           2, 

Mai^h  Gas, 

13,063 

Wood  Charcoal,             8, 

Olefiant  Gas, 

11,838 

Carbonic  Oxide,              2,4 

Ether, 

9,027 

Dry  Wood       (about),     3, 

Alcohol, 

7,184 

Bituminous  Coal,  '■        7,5 

The  calorific  power  of  our  ordinary  hydrocarbon  fuels  may 
bo  calculated  approximately  when  their  composition  is  known. 
Most  ol  the  e  combust  bles  conlain  more  or  less  oxjgen  and 
it  IS  found  IS  might  be  expected  tt  at  the  amount  of  heat 
developed  by  llie  [erfect  combustion  of  tie  fuel  is  equal 
to  that  which  would  be  pi  od  iced  bj  the  perfect  combus 
tion  of  all  tie  caibon  and  of  fo  much  of  lie  lydiogen  as 
IS  in  exce-*  of  that  req  i  red  to  foi  n  water  with  the  oxygen 
prt  ent  The  le  t  of  the  Ij  Irogen  may  be  re^ardel  so  far 
as  rbhtes  to  ll  e  present  problem  is  in  combmat  on  with  oxy 
gen  m  tl  e  stale  of  naler  ind  m  estimiling  ihe  aiiilable  heit 
produced,  we  raust  deduct  the  amount  of  heat  required  to  con- 
verl,  not  only  tliis  water  into  steam,  but  al-o  any  hygroscopic 
water  which  may  be  present.  Moreover,  if  we  use  in  our  cal- 
culation the  value  of  the  calorific  power  of  hydrogen  given  in 
the  fable  above,  we  must  also  deduct  the  amount  of  heat  re- 
quired to  convert  into  vapor  all  the  water  formed  in  the  process 
of  burning,  because,  in  the  experiments  by  which  this  value 
was  obtained,  the  aqueous  vapor  formed  was  subsequently  con- 
densed to  water  and  gave  out  its  latent  heat 

Problem.  Given  the  average  composition  of  air-dried  wood 
as  in  the  table,  to  find  the  calorific  power. 
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From  the  results  of  analysis   we   easily 
Carbon,  400        deduce 

Hydrogen,                    48    Quantity  of  £■  in  combination  with  0  41 

Oxygen,                     328           "           "     available  as  liiel  7 

Nitro^-en  and  Ash,       24    Quantity  of  water  formed  by  bum-)  .,, 
Hygrosi;opic  \\'ater,^        ;„„  48  pjrta  hydrogen                    J 

1000    Hygroscopic  "Water  200 

Total  quantity  of  water  evaporated  632 

400  grammes  of  carbon  yield ■    .    3,232 

7         "         "   hydrogen " _  241 

Deduct  amount  of  heat  required  tt 

water  into -vapor.     (See  §14.) 339 

Calorific  power  of  air-dried  wood 3.134 

From  the  raeclianical  equivalent  of  heat  given  on  page  14, 
and  from  the  data  of  the  above  (able,  we  can  easily  calculate 
the  mechanical  power  developed  in  ordinary  combustion,  and 
the  student  will  be  surprised  to  find  how  great  this  power  ia. 
The  burning  of  one  kilogramme  of  charcoal  produces  an 
amount  ofheatwhichiaequnalent  to8,080X  423  =  3,417,840 
kilogramme  metres ,  that  is,  the  moving  power  which  is  de- 
veloped by  the  claahmg  of  lb  atoms  durmg  tl  e  combustion 
of  this  small  amount  ot  coal  is  equal  to  that  nh  ch  would  be 
produced  by  the  fall  of  a  ma«  ol  rock  weglmg  8  080  kilo 
grammes  over  a  precipice  4  '3  metres  high  and  could  this 
power  be  all  utilized,  it  ■«  ould  be  a  I  quate  to  rai  e  the  same 
weight  to  the  same  height,  or  to  do  any  olh^r  equivalent 
amount  of  work.  The  steam  engine  is  a  machme  for  apply 
ing  this  very  power  to  produce  mechimcal  results  b  it  uofor 
tunately,  in  the  best  engines  we  do  not  util  ze  much  more  tl  a  1 
j^  of  the  poner  of  the  fuel  and  to  find  a  more  eronom  ctl 
meaos  of  converting  heat  into  methanital  effect  is  one  of  the 
great  problems  of  the  present  ve 

62.  Calorific  J-nfemUy  — The  calorific  ntens  tj  of  fuel  la  to 
be  carefully  di-linguiahtd  from  its  calorific  power,  liy  caloriju: 
power  is  meant,  as  we  hive  seen,  the  total  quantity  of  heat 
developed  by  the  combustion  of  a  given  amount  of  fuel.  By 
calorific  intensity,  we  mean  the  maximum  temperature  de- 
veloped in  the  process  of  combustion.  Provided  the  products 
are  the  same,  the  total  amount  of  heat  produced  in  any  case  is 
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not  materially  infloenced  by  the  rapidily  of  the  process :  but 
it  is  evideut  that  the  temperature  of  the  burning  fuel  will  de- 
pend, other  thin^  being  equal,  on  the  rapidity  with  which  the 
heat  is  developed  as  compared  with  the  rapidily  witli  which  it 
is  dissipated  through  surrounding  ot^eets;  and,  when  the  com- 
bination with  oxygen  is  very  slow,  the  heat  may  be  dissipated 
as  fast  as  it  is  generated,  and  then  the  temperature  of  the 
burning  body  will  not  rise  above  that  of  the  surrounding  at- 
mosphere, as  is  the  case  in  many  of  the  processes  of  slow  corn- 
Assuming,  however,  that  all  (he  heat  is  retained  hy  the 
products  of  combustioD,  we  can  calculate  the  maximum  tem- 
peratnre  which  can  in  any  case  be  produced,  provided  the 
calorific  power  of  the  fuel  and  the  specific  heat  of  the  products 
of  combustion  are  known.  The  calorific  intensity  is  simply 
the  temperature  to  which  the  heat  generated  by  the  burning 
of  each  portion  of  the  fuel  can  raise  the  products  of  its  own 
combu.^tion.  Assume  that  the  quantity  burnt  is  one  kilo- 
gramme, that  the  calorific  power  or  number  of  units  of  heat 
produced  is  C,  that  ihe  weights  of  the  various  products  of  com- 
bustion are  W,  W,  W,  &c.,  and  that  the  Bf>ec:fic  heats  of 
these  products  are  S,  S,  S",  &c  Then  WS  -{-  W'S"  +  W"S" 
-|-&c.,  represents  the  amount  of  heat  required  to  raise  Ihe  tem- 
perature of  the  whole  mass  of  the  products  one  centigrade  de- 
gree (§  16),  —  and  the  maximum  temperature,  to  which  these 
products  can  be  raised  in  the  process  of  combustion,  must  be 

^==  WS+  \rs-  +  W"S"  ^^'^'^ 

Problem.  Find  the  calorific  intensity  of  chareoal  burnt  in  pure 
(Kygen,  and  also  in  air  under  constant  atmospheric  pressure. 

Solution,  By  [54]  we  easily  find  that  each  kilogramme  of 
carbon  yields,  by  burning,  3.67  kili^T^mmes  of  carbonic  anhy- 
dride, which  is  the  sole  product  of  its  combustion  when  burnt 
in  pure  oxygen.  The  specific  heat  of  carbonic  anhydride 
(Chem.  Phys.  235)  is  0.2164.  The  calorific  power  of  charcoal 
is  8,080,  By  substituiiug  these  values  in  [60]  we  get  T=: 
10,174°, 

When  the  charcoal  bums  in  air,  Ihe  3.67  kilogrammes  of 
carbonic  anhydride  formed  by  the  combustion  are  mixed  with  a 
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large  mass  of  inert  nitrogen,  which  muat  be  regarded  as  one  of 
tlie  pro(iu(-t3  of  the  combusti(»i.  The  weight  at  lliis  nitrogen  is 
ea-^ly  calculaled  fi-om  ihe  known  composition  of  air  by  weight 
(§  59)  and  from  the  amount  of  oxygen  consumed  in  the  process. 
23.2  :  76.8  =  2.C7  :  x;  or  x  =  2.B7  X  3.31  =  8.84. 

"We  liave  now,  bewdes  Ihe  values  given  above,  W  =  8.84 
and  S,'  the  specific  lieat  of  nilrogen,  equal  to  0.244.  Whence 
7"  r=  2,738°. 

Pro!)lem.  Find  the  calorific  intensity  of  hydrogen  gas  humt 
in  oxygen  and  burnt  in  air. 

■  Solution.  One  kilogramme  of  hydrogen  yielcls  0  kilogrammes 
of  aqueous  vapor.  The  specific  heat  ot'aqueous  vapor  is  0.4ti05. 
The  ealorific  power  of  hydi-ogen  is  not  so  great  when  the  gas 
is  burnt  under  ordinary  conditions  as  that  given  in  the  table  on 
page  1 18  ;  for  in  ihe  experimenls  of  Favre  and  Silbcrraann  the 
vapor  formed  by  the  combustion  was  subsequently  condensed 
to  water,  and  gave  out  its  latent  heat,  while  in  a  burning  fiame 
of  hj'drogen  no  such  condensation  takes  place.  Hence  0  ^ 
8.4,4e2  —  (537  X  9)  =  29,629.  We  also  have  IF  =  9  and 
5=0.480.     Whence  7'=  G,853°. 

When  hydrogen  is  burnt  in  air,  the  nilrogen,  mixed  with  tbo 
aqueous  vapor,  weighs  26,49  kilogrammes  and  5*  is  the  same 
as  in  tlie  previous  problem.     Wiience  T  =  2,746". 

It  appears  then  from  these  problems,  that,  although  the 
calorific  power  of  hydrogen  is  much  greater  than  that  of  car- 
bon, its  calorific  intensity  is  less.  But  it  nmst  be  remembered 
that  the  conditions  assumed  in  these  problems  are  never  real- 
ized in  praAice,  for  the  heat  generated  by  the  combustion  is 
never  wholly  retained  in  the  producls.  The  proeess  of  com- 
bustion requires  a  certain  lime,  and  during  this  time  a  portion 
of  the  heat  escapes.  Moreover,  more  air  passes  through  the 
eombuslible  than  is  required  for  perfect  combustion,  and  many 
of  the  data  which-  enter  into  the  calculation  are  uncertain. 
The  results,  therefore,  can  only  be  regarded  as  approximate. 
The  theoretical  conditions  are  most  nearly  realized  in  a  gas 
flame,  and  especially  in  ihat  form  of  burner  known  as  llie 
Bunsen  lamp.  The  temperature  of  the  flame  of  this  lamp, 
when  carefully  regulated,  is  very  nearly  that  which  the  theory 
would  assign. 
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C3  Point  of  Igmiiott  — In  order  that  a  combu  tiUe  body 
should  take  fire,  and  continue  burning  in  the  atmo-phere  it 
must  be  healed  lo  a  certain  temperature  -md  m-^inHinpd  it 
thu  temperature  This  temperatuie  is  eiiled  the  pomt  of  igni 
tion ,  and  although  it  cannot  always  be  accurately  measured, 
and  IS  undoubtedly  more  or  leas  \anible  under  difleient  con 
ditions,  yet,  nevertheless,  it  is  tolerably  constant  for  each  sub- 
stance For  difff  rent  substances  it  differa  very  greatlj  Thus 
phoiphoru  t^ikes  fire  below  the  boilmg  point  ol  w  iter  ujphur 
at  2C0°,  nood  at  a  low  red  heat,  anthracite  coal  onh  at  a  lull 
red  hed(,  wliilo  iron  requires  the  higheit  tempeiature  of  a 
forge  If  a  burning  body  is  cooled  below  lU  point  of  ignition, 
it  goes  out  and  our  ordin'iry  combusiihles  tonimue  burning 
in  the  air  only  because  the  heat  evolved  by  the  burning  miin 
tains  the  temperature  above  the  required  point  If  the  tem- 
perature of  the  combu  (ible  is  not  maintained  suffinently  high, 
either  because  the  chemical  union  13  too  slon,  or  bi  cmse  the 
calorific  power  is  too  small  then  the  combustible  will  not  con 
tmue  to  bum  in  the  iir  of  itself  although  it  may  bum  mo-vt 
rcalilj  if  its  tempeiature  is  sustained  by  irtifiiial  mcan= 
Hence  in  my  oi  the  meldlawhidi  will  not  burn  m  the  iir 
hum  readily  in  the  flame  of  a  blowpipe,  and  an  iron  watch 
Fpnng  burns  like  a  mitch  in  an  atmosphere  of  pure  oxjgen 
The  calorihc  mtenaitv  of  all  combustibles  when  burnt  m  the 
atmosphere  is,  as  we  have  seen,  greatly  reduced  by  the  pres 
ence  of  nitrogen  and  hence  it  is  that,  although  the  burning 
watth  priiig  IS  maintained  above  the  point  of  ynilion  in  pure 
oxjgen,  it  soon  fills  below  this  tempeiature,  and  goes  out 
when  ic^nited  in  the  iir  Thu«  it  is  that  the  nitrogen  of  our 
atmosphere  exerts  a  most  important  influence  on  the  action  of 
the  fire  element;  and  it  can  easily  be  seen  that,  were  it  not  for 
these  provisions  in  the  constitution  of  nature,  by  which  the 
aciive  energies  of  oxygen  are  kept  within  certiiin  limits,  no 
combustible  material  could  exist  on  the  surface  of  the  earth. 

64.  Calarijic  Power  derived  from  the  Sun.  —  The  great  mass 
of  the  crust  of  our  globe  consists  of  saturated  oxygen  com- 
pounds, or,  in  other  words,  of  burnt  materials;  and  the  total 
amount  of  combustible  materials  which  exists  on  its  surface  is, 
comparatively,  very  small.  That  which  exists  naturally  consists 
almost  entirely  of  carbon  and  its  compounds,  —  such  as  coal. 
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naphtha,  and  wood ;  and  all  these  substances  are  the  results  of 
vegetable  growth,  either  of  Ihe  present  age  or  of  earlier  geo- 
logical epochs.  Moreover,  whatever  subsequent  changes  the 
material  may  have  undergone,  it  was  all  originally  prepared 
by  the  plant  from  the  carbonic  acid  and  water  of  our  atmos- 
phere ;  for,  in  the  economy  of  nature,  these  products  of  com- 
bustion have  been  made  the  food  of  the  vegetable  world.  The 
sud's  rays,  acting  on  tlie  green  leaves  of  the  plant,  exert  a  mys- 
terious power,  which  decomposes  earboaic  anhydride,  and  per- 
haps also  water ;  and,  as  the  result  of  this  process,  oxygen  is 
returned  to  the  atmosphere,  while  carbon  and  hydrogen  are 
stored  up  in  ihe  growing  tissues  of  the  plant.  The  sun  thus 
undoes  the  work  of  combustion,  and  parts  the  atoms  which  the 
chemical  afHnitles  had  drawn  together.  In  doing  this,  the 
sna  exerts  an  enormous  power ;  and  the  work  which  it  thus  ac- 
complishes is  the  precise  measure  of  the  calorific  power  of  the 
combustible  material,  which  it  then  prepares.  When  we  wind 
up  the  weight  of  a  clock,  we  exert  a  certain  power  which  reap- 
pears in  its  subsequent  motions ;  and  so,  when  the  sun's  rays 
part  these  atoms,  the.great  power  it  exerts  is  again  called  into 
action,  when  in  the  process  of  combustion  the  atoms  reunite. 
Moreover,  what  is  true  of  calorific  power  is  true  of  all  mani- 
festations of  power  on  the  surface  of  the  earth.  Every  form 
of  motion  is  sustained  by  the  running  down  of  some  weight 
which  the  sun  has  wound  up ;  and,  according  to  the  best  theory 
we  can  form,  the  sun's  power  itself  is  sustained  by  the  gradual 
falling  of  the  whole  mass  of  the  solar  system  towards  its  com- 
mon centre.  However  varying  in  its  manifeslation,  all  power 
in  its  essence  is  the  same,  and  the  total  amount  of  power  in  the 
universe  is  constant 

C5.  Heat  of  Chemical  ComUnatiom.  —  The  heat  of  combus- 
tion is  only  a  striking  manifestation  of  a  very  general  principle, 
which  holds  true  in  all  chemical  changes.  It  would  appear 
that  whenever,  in  a  chemical  reactibn,  atoms  or  molecules  are 
drawn  together  by  their  mutual  affinities,  a  certain  amount  of 
moving  power  is  developed,  which  takes  the  form  of  heat ;  and 
whenever,  on  the  other  hand,  these  same  atoms  or  molecules 
are  drawn  apart  by  the  action  of  some  superior  force,  the  same 
amount  of  moving  power  is  expended,  and  heat  disappears. 
Every  chemical  reaction  is  a  mixed  effect  of  such  combina- 
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^ons  and  decom positions,  and  it  is  simply  a  compFex  problem  in 
the  mechanical  theory  of  heat  to  determine  wliut  must  be  in 
any  case  the  thermal  effect.  The  numerous  facts  with 
which  we  are  acquainted  in  regard  to  the  heat  of  chemical 
combination  generally  agree  with  the  mechanical  theoi-y  ;  and, 
where  the  facts  do  nut  appear  to  conform  to  it,  the  di-crepaney 
probably  arises  from  our  ignorance  of  the  nature  of  llie  chem- 
ical change  in  question.  It  would  be  incompntihle  with  our 
design  to  discuss  these  facts  in  Ihia  buok.  It  must  be  t.ufflcient 
to  statK  a  few  gfiteral  results,  which  may  be  summed  up  in  the 
following^  proposinoJi* :  — 

First.  The  heat  absorbed  in  the  decomposition  of  a  com- 
pound is  equal  lo  tiie  heat  evolved  in  ita  formation,  provided 
the  initial  and  the  final  states  are  the  same. 

Second.  The  heat  evolved  in  a.  series  of  successive  chemical 
changes  is  equal  to  the  sum  of  the  quantities  which  would  be 
evolved  in  each  separately,  provided  the  bodies  are  finally 
brought  into   identical   conditions. 

Third.  The  difference  between  the  quantities  of  heat  evolved 
in  two  series  of  changes  starting  from  two  different  slutes,  but 
ending  in  the  same  final  state,  is  equal  to  that  which  is  evolved 
or  absorbed  in  passing  from  one  initial  condition  to  the  other. 

For  example,  if  a  body  m  evolves  a  certain  amount  of  heat 
in  uniting  with  n  to  form  m  n,  and  if  the  body  m  jj  is  decom- 
posed by  a  third  body^,  so  that  m^  is  formed,  the  quantity 
of  beat  evolved  in  this  last  reaction  is  less  than  that  which 
would  be  evoh  ed  in  the  direct  union  of  m  and  p  by  the  amount 
evolved  in  the  formation  of  wi  n. 

All  these  propositions,  however,  are  but  special  cases  under 
a  more  general  principle  which  is  at  the  basis  of  the  whole 
mechanical  theory  of  heat,  and  which  may  be  enunciated  as 
follows:  Whenever  a  system  of  bodies  undergoes  chemical 
or  physical  changes,  and  passes  into  another  condition,  what- 
ever may  have  been  the  nature  or  succession  of  the  changes, 
the  quantity  of  heal  evolved  or  absorbed  depends  solely  on  the 
initial  and  final  conditions  of  the  system,  provided  no  mechan- 
ical effect  has  been  produced  on  bodies  outside. 
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Questions  and  Problems. 

1.  How  many  times  more  space  does  tie  carbonic  anhydride 
formed  by  burning  charcoal  (Sp.  Gr.  =  2)  occupy  than  thu  ehar- 
eoil  bum  I;  ? 

Ans.  One  cubic  centimetre  or  two  grammes  of  charcoal  yields 
3.720  litrea.  Hence  tbe  gas  occupies  3,730  times  the  vulume 
of  tbe  charcoal. 

2.  How  many  hires  of  oxygen  gas  are  reqaired  to  burn  one  litre 
of  alcohol  vapor,  and  how  many  litres  of  aqueous  vapor,  and  how 
many  of  parbonic  anbydride,  will  be  formed  in  the  process  ? 

Ans.  3  litres  of  oxygen,  3  litres  of  aqueous  vapor,  2  litres  of  car- 
bonic anbydride 
8.  Given  tbe  symbol  of  alcohol  C,ff,0  to  find  its  calorific  power. 
Ans.  6,.^72  units,  or  7,200  unite,  assuming  that  the  steam  formed 

nas  condensed. 
4.  The  com[)03itian  of  dried  peat  is  as  follows;  Carbon,  G25.4; 
Hydrogen,  C8.1 ;  Oxygen,  292.4;  Nitrogen,  U.l.     Find  the  calor- 
ific power.  Ans.  5,521  units. 
6.  Find  the  calorific  intensity  of  marsh  gas  burnt  in  oxygen. 

CB,  +  20=0  =  CO^  +  2-£r,0 

Calorific  power  of  marsh  gas,  13,063.     Specificheatof  steam,  0  4805; 
of  COj,  0.2164.  Ans.   7,793. 

6.  Find  the  calorific  intensity  of  defiant  gas  burnt  in  oxygen. 

Cfl;  +  S00=  200^  4-  2B^0 

Calorific  power  of  C,If^  11,858.     Specific  heat  of  steam  and  car- 
bonic anhydride  as  in  last  ptoblem-  Ana.  9,136°. 

7.  Find  the  calorific  intensity  of  marsh  gas  and  defiant  gas  burnt 
in  air.  Besides  the  data  already  given,  we  have  also  specific  heat  of 
nitrogen  0.244.  Ane.  2,602°,  apd  2,916". 
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MOLECULAR   WEIGHT   A 

60.  Determiitalion  of  Mohcuhr  Weights.  —  It  has  already 
been  stated  that  tlie  molecular  weigiit  of  a  substance  is  an 
essential  element  in  fixing  its  symbol.and  in  judging  of  its 
chemical  relations,  but  until  now  tlie  student  has  not  possessed 
the  knowledge  neee^tarj  in  order  to  understand  the  methods 
by  which  this  important  constant  is  delermined. 

Whenever  the  substance  is  a  gas,  or  is  capable  of  being  Tola- 
tilized  without  decomposition  at  a  manageable  temperature,  we 
always  ascertain  the  molecular  weight  from  the  specific  gravity 
on  the  principle  already  several  times  enforced  (§  17).  The 
problem  then  resolves  itself  into  finding  the  specific  gravity  of 
the  substance  in  the  slate  of  gaa.  The  methods  used  in  such 
cases  are  described  on  page  21,  and  more  in  detail  in  the  au- 
thor's work  on  Chemical  Physics  (330  et  ieq.),  and  in  the  same 
book  tables  are  given  which  very  greatly  facilitate  the  calcula- 
tion of  the  results.  The  specific  gravity  of  the  gas  or  vapor 
having  been  found  by  either  of  these  methods,  and  referred  to 
hydrogen  gas  as  the  unit,  the  molecular  weight  of  the  substance 
is  simply  twice  the  number  thus  determined.  But  in  applying 
this  important  principle,  on  which  our  modern  chemical  pliiloso- 
phy  so  greatly  rests,  two  precautions  are  essential. 

It  is  only  true  that  equal  volumes  of  all  substances  contain 
the  same  number  of  molecules  when  they  are  in  the  condition 
of  true  gases.  Now,  while  some  substances,  like  alcohol,  assume 
this  condition  at  temperatures  only  a  few  degrees  above  tjieir 
boiling  point,  at  least  nearly  enough  for  all  practical  pur- 
poses, others,  like  acetic  acid,  only  attain  it  at  temperatures  one 
or  two  hundred  degrees  above  their  boiling  point,  and  others 
stiJl,  like  sulphur,  only  at  the  very  highest  temperatures  at 
which  we  have  been  able  to  experiment.  For  this  reason,  the 
specific  gravity  of  sulphur  vapor  was  for  a  long  lime  an  anomalous 
fact  in  the  science,  and  it  was  not  until  St.  Clair  Deviile,  by 
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using  a  porcelain  'globe,  succeeded  in  determining  its  specific 
gravity  at  a  very  high  temperature,  that  its  value  was  found  to 
correspond  with  the  probable  molecular  weight,  and  it  is  pos- 
sible that  a  similar  anomaly  which  still  exists  in  tlie  case  of 
phosphoi-us  and  arsenic  may  be  due  to  the  same  cause. 

The  cliemist,  however,  yin  always  have  a  sure  criterion  of 
the  condition  of  any  vapor  whose  specific  gravity  he  is  deter- 
mining by  repeating  his  experiment  at  a  somewhat  higher  tem- 
perature. If  the  second  result  does  not  agree  with  the  first,  it 
is  a  proof  that  the  vapor  is  not  yet  in  a  proper  condition,  and 
that  the  temperature  employed  in  the  experiment  was  too  low. 
A  eeries  of  determinations  of  the  specific  gravity  of  the'  vapor 
of  acetic  acid  made  by  Cahoura  furnish  an  excellent  illustra- 
tion of  the  importance  of  the  precaution  we  are  discussing,  and 
will  also  point  out  another  important  relation  of  this  whole  sub- 
ject. This  acid  when  in  the  most  concentrated  state  hoils  at 
1 20°,  and  the  specific  gravity  of  its  vapor  refei'red  to  liydrooen 
at  (he  same  temperature  and  pressure  was  found  to  have  the 
following  values  at  the  temperatures  annexed:  — 

At  I2S  45.90  At  3  7U  35.30  At  240  30.1S 

"  130  44.82  "    ISO  35.19  "    270  30.14 

"  140  41.06  "   190  31.33  "    310  30.10 

"  150  39.37  "    200  3-2.44  "    320  30.07 

"  JGO  37.59  "    2-20  30.77  "    33C  30.07 

It  will  be  noticed  that,  as  the  temperature  increases,  the 
specific  gravity  diminishes,  at  first  very  rapidly,  afterwards 
more  slowly,  and  does  not  become  constant  until  the  tempera- 
lure  has  risen  200°  above  the  boiling  point,  when  we  have  the 
true  specific  gra\ity  of  acetic  acid  in  the  slate  of  gas.  This 
gives  for  the  molecular  n eight  of  acetic  add  60  very  nearly, 
which  corn  spends  to  the  recened  formula  C)ff,0.2.  The  slight 
difference  between  the  theoretical  and  the  observed  results 
miy  be  in  part  due  to  errors  ot  ob^er*  ition,  but  is  most  prob- 
ably to  be  referred  to  the  -.ame  cause  nhicli  delerminea  even 
in  the  permanent  gases,  when  under  the  atmospheric  pi-essure, 
a  variition  (rom  Manotte  s  1  \w  Vfe  do  not  expect;  moreover, 
to  tin  1  from  the  spec  he  gravity  Ihe  exact  molecular  weighL 
TAe  precise  tabie  )s  determined  h)  the  rrnilts  o/ analysts,  which 
are,  as  a  fu/e  far  more  accurate,  and  the  speefjtc  gravity  is 


oy  Google 


128  MOLECULAR  WEIGHT  AND  COXSTITUTiON. 

only  used  to  decide  which  of  several  possible  multiples  must  be 
the  (rite  value.     (Compare  carefully  §  23.) 

67.  Disassoeiation.  —  But,  besides  takjng  tare  that  the  tem- 
perature is  sufficiently  high  to  biing  the  substance  we  are 
studying  into  the  condition  of  a  true  gas,  we  must  look  out  that 
the  compouni^  is  not  decomposed  in  the  process.  l£  is  now  well 
known  that  at  very  high  temperatures  the  disa.-^sociation  of 
the  elements  of  a  compound  body  is  a  constant  result,  and  it  is 
probable  that  in  iome  cases  the  same  effect  is  produced  at  the 
much  lower  temperatures  which  are  employed  in  the  determi- 
nation of  vapor  densities.  The  specific  gravity  of  the  vapor 
of  ammonic  chloride,  instead  of  being  26.75,  as  we  should  ex- 
pect from  the  undoubted  weight  of  its  molecule,  NfffCl,  is 
only  about  one  half  of  this  amount ;  and  the  reason  probably  is, 
that,  when  heated,  the  molecule  breaks  into  two,  and  in  conse- 
quence the  volume  of  the  vapor  doubles. 


2fB, 

+ 

not 

ft  is  very  difficult,  however,  to  obtain  any  further  evidence 
that  such  a  change  has  taken  place ;  for,  as  soon  as  the  tempera- 
ture falls,  the  molecules  recombine  in  assuming  the  solid  condi- 
tion, and  all  the  phenomena  attending  the  change  of  state  are 
precisely  the  same  as  those  observed  in  any  other  volatile 
body.  Indeed,  although  many  very  ingenious  experiments 
have  been  made  with  a  view  of  settimg  the  question,  it  is  still 
uncertain,  not  only  in  this,  but  also  in  several  other  cases, 
whether  disassoeiation  has  taken  place  or  not.  The  question 
is  of  great  importance  to  the  theory  of  cbemiitry.  If  disa^iso- 
ciation  does  not  take  place,  the  cases  referred  to  are  exceptions 
to  the  law  of  equal  molecular  volumes,  and  specific  gravity  can 
no  longer  be  regarded,  as  now,  the  sole  measure  of  molecular 
weight.  If,  however,  it  can  be  proved  that  such  a  change  does 
take  fJace,  then  the  unity  of  our  prcKcnt  theory  is  preserved, 
and  the  chemist  has  only  to  guard  agmnst  this  cause  of  error 
in  his  experiments. 

68.  Indirect  Deterrmnalion  of  Molecvlar  Weight.  —  Al- 
rtiou^  our  modern  chemical  theories  rest  in  great  measure  on 
'Cat  moiecular  weight  of  a  few  typical  compounds  determined, 
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at  least  approximately,  by  their  specifio  gravities,  yet  it  is  only 
in  a  eomparatively  few  cases  that  we  are  able  to  refer  the 
molecular  iveight  of  a  substance  directly  to  tiiia  fundamental 
measure.  Most  sub-tances  are  so  fixed,  or  so  easily  decom- 
posed by  heat,  that  it  is  impossible  to  determine  the  specific 
gravity  of  their  vapor,  even  when  such  a  enndition  is  possible. 
In  these  eases,  however,  we  endea\'or  to  refer  the  molec- 
ular weight  indirectly  to  the  fundamental  measure,  by  estab- 
lishing a  relation  of  chemical  equivalency  between  the  sub- 
stance wbose  molecular  weight  is  sought  and  fome  closely 
allied  volatile  substance  whose  molecular  weight  has  bfcn  pre- 
viously determined  in  the  mantier  described  above.  A  few  ex- 
amples will  make  the  application  of  this  principle  intelligible. 

It  is  required  to  determine  the  molecular  weight  of  nitric 
acid.  A  careful  study  of  the  numerous  nitrates  leads  to  the 
conclusion  tliat  this  acid,  like  hydrochloric  acid,  IICI,  eoa- 
tams  but  one  atom  of  replaceable  hydrogen.  For  example,  we 
find  but  one  potassic  nitrate  and  one  sodic  nitrate,  whereas  we 
should  expect  to  find  several,  if  the  acid  were  polybasic 
Hence  we  conclude  (hat  one  molecule  of  argentic  nitrate,  like 
one  molecule  of  argentic  chloride,  AffOl,  contains  but  one 
atom  of  silver.  Next,  we  analyze  argentic  nitrate,  and  find 
that  100  parts  of  the  salt  contain  63.53  parts  of  silver.  "We 
know  the  atomic  weight  of  silver,  108,  and  evidently  this  must 
bear  t!ie  same  relation  to  the  molecular  weifjht  of  argentic 
nitrate  that  63.53  bears  to  100.  But  63.53:100  =  108: 
a:^^=170,  which  is  the  molecular  weight  of  argentic  nitrate, 
and,  since  the  molecule  of  nitric  acid  differs  from  that  of  argen- 
tic nitrate  only  in  containing  an  atom  of  hydrogen  in  place  of 
the  atom  of  silver,  its  own  weight  must  be  170  —  108+1 
=  63. 

It  is  required  to  determine  the  molecular  weight  of  sul- 
phuric acid.  A  comparison  of  the  different  sulphates  shows 
that  sulphuric  acid  is  dibasic.  We  find  two  sulphates  of  potas- 
sium and  sodium,  an  acid  sulphate  and  a  neutral  sulphate,  and 
Lenee  we  conclude  that  this  acid  contains  two  replaceable 
atoms  of  hydrogen,  and  hence  that  one  molecule  of  neutral 
potassic  sulphate  contains  two  atoms  of  potassium.  In  ana- 
lyzing potassic  sulphate  it  appears  that  100  parts  of  the  salt 
contsun  44.§3  parts  of  potassium,  and  evidently  this  weight 
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!  same  relation  (o  100  that  the  weight  of  two  atoms  of 
in  to  the  weight  of  the  molecule  of  potassic  au!- 
piiate.     Thus  we  liave, — 

44.83  : 1 00  =  78  :  a;  =  1 74 ;  the  jK  IF.  of  Potas^sic  Sulphate, 
and  1-74  —  78  +  2  =^  08  ■  \he  M  fT  of  Sulphui-ie  Acid 


By  a  "i  miHr  cour  e  of  reasonin;;  we  may  deduce  fiom  tl  e 
re  uits  ot  an  ilj  i  and  from  the  general  chemical  rela 
tion*  the  molecuhr  weight  of  anj  olhfr  Bad  or  ba^e  If 
theie  1  any  question  in  regiid  to  the  basicity  of  the  and  or 
the  SCI  lity  of  (he  ba<!e  there  will  be  the  same  question  as  to 
the  moleeul  ir  \i  ei^ht  but  we  cannot  be  led  far  into  error  for 
the  true  we  ^ht  mil  be  tcmc  simple  multiple  or  suhmultiple  of 
(he  one  a  aunied  and  the  progre  '  of  snenee  will  sooner  or 
later  correct  our  mistake  From  the  molecular  weight  of  any 
acd  we  eiaily  dedu  p  the  molecular  weights  of  all  its  palls. 

'W  hen  iht,    ul  tinci,  i^.  not  distinctively  an  acid  or  n  base,  but 
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Now  a  very  large  number  of  subatince^>  allied  to  a 
form  wilh  thii  -ame  phtinum  salt  equallj  dtfimtt,  piuJuct-,  so 
that  by  simply  delerraining  the  weight  of  platinum  in  these 
compounds,  which  la  very  easily  done,  their  molecnlir  weights 
may  at  once  be  refeired  to  the  molecular  weight  ol  ammonia 

Lastly,  if  other  means  fail,  we  may  •"ometimcs  distoicr  the 
molecular  weightot  a  compound  bycaretuliv  stud)ing  the  reac- 
tions by  which  It  la  formed  or  decompo'^ed,  and  inlemng  the 
weight  of  the  compound  from  that  of  its  factoreor  products.  We 
seek  lo  express  the  reaction  in  the  simplest  possible  way,  and 
give  that  value  to  the  molecular  weight  which  best  satisfies  the 
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chemical  equation.  Evidently,  however,  such  resulfs  are  less 
truslworlliy  ttian  those  obtained  by  either  of  the  other  methoda. 

C9.  Constitution  of  Molecules.  —  It  is  a  favorite  theory  with 
some  chemists  that  no  molecule  can  exist  in  a  free  eonditioti 
with  any  of  its  affinities  unsatisfied,  but  those  who  hold  this 
view  aro  com|)elled  to  admit  that  two  points  of  attraction  in 
ihe  same  ato'n  may,  in  certain  cases,  neutralize  each  other. 
Hence,  they  would  distinguish  between  a  dyad  atom  like  that 
of  oxygen  (■  ■),  with  its  affinities  open,  and  a  dyad  atom  like 
that  of  mercury  (-~-^,  with  its  affinities  closed  through  their  own 
mutual  attraction.  The  first  could  not  exint  in  a  free  condition, 
while  the  last  could.  In  like  manner  any  atom,  having  an  even 
number  of  points  of  attraction,  can  exist  in  a  free  state  because 
all  its  affinities  may  be  satisfied  within  itself;  but  an  atom  hav- 
ing an  uneven  number  of  points  cannot,  for  at  least  one  of  its 

affinities  must  be  open  as  is  shown  by  the  symbol  (- ■).     As 

thus  interpreted  it  must  be  admitted  that  the  theory  explains 
many  facts. 

For  example,  among  the  univalent  elements,  chlorine,  bro- 
mine and  iodine  are  al!  known  to  have  molecules  consisting  of 
two  atoms.  So,  also,  the  molecule  of  cyanogen  gas  consists  of 
two  atoms  of  the  radical  CN,  and  the  same  ia  true  of  ethyl, 
propyl,  &c.,  at  least  if  the  hydrocarbons  so  named  have  really 
the  constitution  first  assigned  to  them. 

Passing  next  lothedyads,  we  find  that,  while  oxygen,  sulphur, 
selenium  and  tellurium  have  molecules  consisting  of  two  atoms, 
the  metaU  mercury  and  cadmium,  and  the  radicals  ethylene, 
propylene,  &c,  (  Cj/fj  and  Cj/Zo),  have  molecules  which  coincide 
with  their  atoms. 

Of  the  well-defined  triad  elements  none  are  volatile,  but  the 
two  triad  radicals  which  have  been  obtained  in  a  free  state — 
allyl'  (r,J7s)  and  kakodjl  {{CB.,) As) —  hotb  have  double 
atomic  molecules. 

In  like  manner  none  of  the  tetrad  elements  are  volatile, 
and  the  only  tetrad  radicals  known  in  a  free  state  have  single 
atomic  molecules.  ,, 

Of  the  pentad  elements  nitrogen  has  a  molecule  of  two 
atoms,  while  phosphorus  and  arsenic  haie  molecules  of  four 

'  See  page  78,  Problem  T. 
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atoms.  No  compound  radicals  of  this  order  are  known  in  a 
free  stale. 

Laally,  the  only  hexad  radical  known  in  a  free  state,  benzine, 
Cgfl^  lias  a  molecule  wliicli  coincides  with  its  atom. 

Thus  it  appears  that  in  general  the  theory  is  sustained  by  tbe 
facts,  Nevertheless,  there  are  several  well-marked  exeeptiona 
to  it.  Thus  the  well-known  compounds  NO  and  NO^  have 
molecules  which  aet  as  radicitls  of  uneven  atomicitie.4  and  yet 
contain  but  one  complex  atom.  We  must  be  careful,  therefore, 
not  to  give  loo  much  weight  to  this  hypothesis,  but  siil!  it  may 
be  useful  in  co-ordinating  facts.  It  leads  at  once  to  three  gen- 
eral principles  which  will  be  found  to  be  almost  universally 
true. 

The  first  is  that  the  auni  of  the  atomicities  of  the  atoms  of 
every  molecule  is  an  even  numher. 

The  second  is  that  the  atomicity  of  any  radical  ia  an  odd 
or  even  nuniber  aeeoivling  as  the  sum  of  the  atomicities  of 
its  elementary  atoms  is  odd  or  even. 

The  third  is  tliat  tlie  quantivalence  of  elementary  atoms 
must  be,  as  stated  on  page  59,  either  even  or  odd.  They  are 
artiads  or  perisaads,  and  the  two  characters  can  never  be  mani- 
fested by  the  same  elements. 

It  lias  also  been  a  question  among  chemists  whether  molec- 
ular combination  was  possible ;  in  other  words,  whether  it  ia 
possible  for  molecules  of  different  kinds  to  combine  chemically, 
each  preserving  its  integrity  in  the  compound.  Some  of  the 
advocates  of  the  unitary  theory,  in  the  reaction  againi't  the 
dualistic  system,  liave  been  inclined  to  doubt  the  possibility  of 
such  compounds,  and  have  attempted  to  represent  the  symbols 
of  all  compounds  in  a  single  molecular  group  ;  but  any  ante- 
cedent improbability,  on  theoretical  grounds,  is  far  more  than 
outweighed  by  the  evidence  of  a.  large  number  of  compounds 
whose  constitution  is  most  simply  explained  on  the  hypothesis 
of  molecular  combination.  For  example,  in  Ihe  crystalline  salts 
it  is  impossible  to  doubt  that  the  water  exists  as  such,  not  as  a 
part  of  the  salt  molecule,  but  combined  with  it  as  a  whole.  So, 
also,  there  are  a  number  of  double  salts  whose  constitution  is 
most  simply  explained  on  a  similar  hypothesis,  and,  in  the  pres- 
ent state  of  the  science,  it  seems  unnecessary  to  complicate 
their  symbols  by  forcing  them  into  the  unitary  mould.     It  is  a 
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characteristic  of  such  molecular  compounds  as  are  here  assumed, 
that  ihe  force  which  holds  together  the  molecules  h  much  feebler 
ll  aa  that  which  bind->  together  the  atoms  in  the  molecule.  When 
the  moli-cular  atti  action  n  verj  st  ong  it  is  probahle  ihat  in 
almost  ali  cases  the  different  molecules  toilesce  into  one ;  and 
betvieen  the  extreme  hmits  v.e  find  compounds  in  which  It  is 
diiScult  to  ilt-icrnitne  whether  true  molecular  combination  ex- 
ists or  not  biiih  coale  cingof  disiintt  molecules  seems  always, 
Iiowei'er,  to  be  aflended  with  a  greater  development  of  heat,  and, 
in  general,  with  a' more  marked  manifestation  of  physical  ener- 
gies, tliau  usually  attends  either  molecular  aggregation  or  atomic 
metathesis. 

In  the  notation  of  this  book  molecular  combination  is  indi- 
cated by  writing  together  the  symbols  of  the  different  niolecules 
thus  united,  but  separaung  these  symbols  by  periods.  Thus 
the  symbols  iKCl.FlClt,  and  ZNaF-SbF^  represent  comfwunds 
of  this  class. 

70.  homerism,  AUotropism,  Polymorphism.  —  We  should 
infer  from  the  doctrine  of  chemical  types  ihaC  the  same  atoms 
might  be  grouped  together  in  different  ways,  so  as  to  form 
different  molecules  which  in  their  aggregation  would  present 
essentially  distinct  qualities.  Hence,  we  siiouid  expect  to  find 
di-iinct  substances  having  the  same  composition  ;  and  in  fact 
our  science,  organic  chemistry  especially,  is  rich  in  examples 
of  thb  kind.  Such  sub-tances  are  said  to  be  isomeric,  and  llie 
phenomenon  is  called  isomerism.  There  are  different  phases 
of  isomerism,  which  it  will  be  well  to  distinguish,  not  so  much 
on  account  of  any  essential  differences  in  the  phenomena  aa  in 
order  to  make  ourselves  better  acquainted  with  its  manifeola- 

In  the  firet  place,  we  have  examples  of  isomi-ric  bodies 
having  the  same  centesimal  composition,  but  showing  no  rela- 
tion to  each  other  in  their  properties  or  in  their  chemical 
reactions.  Sometimes  we  have  assigned  to  them  the  same 
formula,  hut  in  other  cases  the  symbol  of  one  is  a  simple 
multiple  of  that  of  the  other.  Thua  aWehyde  and  oxide  of 
ethylene  have  both  the  symbol  GJItO;  cane  sugar  and  gum 
arable,  the  common  formula  C^iH^OaX  lactic  acid,  the  formula 
C^tfeOi-,  and  glucose,  CtffuO,.  These  compounds  bear  no 
resemblance  to  each  other,  and  have  no  relations  i 
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In  the  second  place,  we  have  numerous  examples  of  isomeric 
compounds,  which,  wilh  the  same  centei-imai  composiiion,  have 
also  the  same  molecular  weighl,  and  wliose  molecule?,  therefore, 
consist  of  the  same  numher  of -atoms,  but  where  a  fundamental 
difference  in  the  grouping  of  the  atoms  may  be  inferred  from 
the  nature  and  prodiictrf  of  the  chemical  reactions,  by  which  sucli 
isomeric  compounds  are  formed  or  decomposed.  Thus,  fur  ex- 
ample, ethylic  formiate  {CiH^-0-{CHO)  has  exactly  llie  same 
composition  and  molecular  weight  as  methylio  acetate  ( CH^' 
0-{CiffsO).  Thesameis  true  of  cyanic  etiier  and  cyanelholine, 
whose  symbol.i  have  ali-cady  been  given  (page  77)  in  connec- 
tion with  the  reactions,  which  indicate  their  molecular  constitu- 
tion, and  another  slill  more  remarkable  case  will  be  found  in 
Part  II.  of  this  work  [1G4]  and  [IGo]. 

In  the  ihii-d  place,  we  have  several  groups  of  isomeric  com- 
pounds, especially  among  the  hydrocarbons,  which  have  the 
same  general  properties  and  the  same  percentage  composition, 
but  which  dilFer  from  each  other  in  their  molecular  weights;  so 
that  the  symbol  of  one  is  a  multiple  of  that  of  the  rest.  The 
hydrocarbons  ethylene  OjZ?i,  propylene  C,^,  butylene  C^ffg, 
form  a  group  of  this  kind.  Compounds  of  this  class  are  fre- 
quently called  polymeric,  and  sometimes  the  heavier  com- 
pounds may  be  regarded  as  condensed  forms  of  the  lighter. 

Lastly,  we  may  distinguish  still  a  fourth  class  of  isomeric 
compounds  which  liave  the  same  general  properties,  the  same 
symbol,  and  ihe  same  general  system  of  reactions,  but  which 
differ  In  a  few  marked  qualities,  physical  or  chemical,  and 
which  preserve  these  characteristics  to  a  greater  or  less  extent  in 
their  compounds.  Tbe  two  forms  of  toluic  acid,  Cj//gO^  be- 
long to  this  class,  and  such  compounds  are  isomeric  in  the 
fullest  sense  of  the  word. 

In  ali  liie  above  examples  the  differences  between  the  iso- 
meric compounds  are  sufficiently  jrreat  to  lead  e!iemi-ts  to 
assign  to  each  a  distinct  name.  When,  however,  the  differ- 
ences are  not  sufficiently  great  to  justify  a  distinct  name,  the 
two  bodies  are  said  to  be  different  allotTopie  states  of  the  same 
substance.  Thus  there  are  two  varieties  of  tartaric  acid ;  the 
first  of  which  deviates  tbe  piano  of  polarization  of  a  ray  of  light 
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to  ihe  left,  while  the  second  deviates  it  to  tlie  right;  but  since 
in  almost  every  other  respect  these  Iwo  bodies  are  idenlit-a!, 
we  do  not  speak  of  tbem  as  different  substances,  but  merely  a? 
diffei'ent  alloiropic  states  of  tartaric  acid.  There  are  also  three 
otiier  varieties  of  tartaric  acid,  but  tliese  differ  so  greatly  from 
the  normal  acid  in  crystalline  form,  in  solubility,  and  also  ia 
other  relations,  tliat  they  may  fairly  he  regai'ded  as  distinct 
substances. 

Again,  there  are  many  fubsfancea  where  the  difference  of 
state  or  oUolropism  is  assodiited  with  difference  of  crysialline 
form  ;  and  when  this  difference  of  form  is  fundamental,  the 
substance  is  said  to  be  dimorphous  or  trimorphous,  as  the  case 
may  be,  and  the  phenomenon  is  called  polymorphism.  Thus 
common  calcic  carbonate  crystallizes  in  two  fu ndameii tally  dis- 
tinct foiTOS,  corresponding  to  the  two  mineralogical  species, 
calcite  and  aragonite.  Such  difference  of  form,  however,  is 
invariably  accompanied  by  a  marlved  difference  of  properties, 
so  that  polyraorpliism  is  merely  one  of  the  indications  of  allo- 
tropism. 

Differences  of  condition  similar  to  those  vre  have  described 
manifest  themselves  even  more  markedly  among  elementary 
substances;  anil  indeed  tlie  word  allotropism  was  first  applied 
to  phenomena  of  this  last  class'.  Thus  there  are  two  allotropic 
states  of  phosphorus,  which  differ  so  much  from  each  other  tliat 
no  one  would  suspett  fiom  their  extemj,!  characters  that  tliere 
was  any  identity  between  them  and  to  these  two  states  corre- 
spond ti^o  fundamentally  different  crystalline  forms  In  ''ome 
cases  the  differences  between  the  allotropic  states  of  the  '^me 
element  are  far  greiter  than  any  which  are  seen  betHeen  the 
most  unhke  iifomenc  compounds  No  substances  could  be 
belt«r  defined  by  well  mwked  and  utterly  di-tmet  qnahtie^ 
than  diamond,  plumbago  and  chircoal,  and  jet  they  are  ail 
three  allotropic  modihcalions  of  the  one  elemental  siibstuite 
^*e  call  carbon  and  such  phenomena  aa  (heBe  jjnp  n^i  «lron» 
ground'  for  behe\in>  Ih^t  our  present  element-,  mij  have  a 
compo  ite  stiucture 
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Questions  and  Problems. 

1.  What  are  lie  molecular  weights  of  alcohol  and  caTophor  as  de- 
duced from  the  results  of  tiie  Qn  ®X.  determinations  given  on  page 
23? 

Ana.  45,5  and  155,  which,  although  not  closely  freeing  with  the 
tlieoretieal  numbers,  enables  us  to  decide  that  the  evmhola 
of  these  eoiupounds  are  C,H/>  and  C^^H^fi  as  the  simplest 
interpi'etation  of  the  analyses  would  indicate. 

2.  At  the  temperature  of  470=  the  @p.  ®c.  of  the  vapor  of  sul- 
phuric acid  is  approximately  1.G97.  How  does  this  result  agree  with 
tbe  generally  received  symbol  of  this  compound,  and  how  do  you 
explain  the  discrepancy  ? 

3.  A  study  of  tbe  different  tartrates  has  led  to  the  conrlusion 
already  cxprefsed  that  tartaric  acid,  although  tetratomic^  h  dibasic 
It  also  appears  that  one  hundred  parts  of  neutral  argentic  tartrate 
yield  when  ignited  65.39  parte  of  metallic  silver  lli-quired  tbe 
molecular  weight  of  tartaric  acid.  Ans   176 

4.  An  hundred  parts  of  baric  oside,  BaO,  (whose  composition  is 
assumed  to  be  known)  yield  when  treated  with  sulphant  atid  152  3 
parts  of  baric  sulphate.  Further  it  is  assumed,  as  the  result  ol  (.are 
iul  study,  that  sulphuric  acid  is  dibasic,  and  the  metal  barium  a  biva- 
lent radical.     Required  the  molecular  weight  of  sulphuric  acid. 

Ans.  98. 

5.  The  well-known  base  aniline  gives  with  platinic  chloride  a 
definite  crystalline  product,  one  hundred  parts  of  which  yield  on 
ignition  32.99  parts  of  platinum.  Required  the  molecular  weight  of 
aniline.  How  does  this  result  agree  with  tbe  Qjj.  Or.  °^  aniline 
vapor,  which  has  been  found  by  observation  to  he  3.210,'/ 

Ans.     93;  which  corresponds  to  S|].  ©r.  of  3-223. 

6.  The  base  triethylamine  gives  in  like  manner  a  plaljnum  salt, 
one  hundred  parts  of  which  yield  on  ignition  33.67  parts  of  plati- 
num.    Required  tbe  molecular  weight.  Ans.  101, 

7.  Compare  together  the  symbols  of  the  compounds  of  the  va- 
rious alcohol  radicals  on  pages  90  to  93  and  point  out  the  exam- 
ples of  is 
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CRYSTALLINE  FOKMS. 

71.  Relations  to  Chemistry.  —  Almost  every  substance 
affects  a  definite  polyhedral  form,  alihough  it  may  manifest 
this  l«iiciency  only  under  favorable  conditions.  Such  forms  are 
called  crystals,  and  (he  process  of  cryslalline  growth,  or  de- 
Telopment,  ia  called  crystallization.  The  one  essential  condi- 
tion of  crystallization  is  a  certain  freedom  of  motion,  and  crys- 
tals, more  or  less  perfect,  are  usually  formed  whenever  a  molten 
liquid  "  sets,"  or  a  solid  is  deposited  from  a  condition  of  solution 
or  of  vapor  5  and  in  each  case  the  slower  the  process  the  lai^er 
and  the  more  perfect  are  the  crystals.  The  crystalline  condi- 
tion is,  in  fact,  the  normal  state  of  solid  matter.  It  is  true  that 
there  are  a  few  substances  which,  like  glue,  are  only  known  in 
the  colloid  state;  hut  in  most  of  the  so-called  colloid  sub- 
stances this  8tal«  is  abnormal,  aud  there  is  a  constant  tendency 
to  cryslallization.  Moreover,  its  peculiar  crystalline  form  is  one 
of  the  most  characteristic,  and  apparently  one  of  the  most  es- 
eentiai,  properties  of  a  substance,  and  is  therefore  of  great  value 
in  determining  its  chemical  affinities.  The  study  of  the  geomet- 
rical relations  of  these  forms  is,  however,  in  it-elf  a  separate 
Bcience,  and  in  this  connection  we  can  only  dwell  on  the  few 
elemenlaiy  principles  of  the  subject  on  which  our  system  of 
chemical  classification  in  part  rests. 

72.  Definitions.  —  In  the  forms  of  crystals  the  idea  of  sym- 
metry is  the  great  controlling  principle.  Each  substance  fol- 
lows a  certain  law  of  symmetry,  which  seems  to  be  inherent, 
and  a  part  of  its  very  nature ;  and  when,  from  any  cause,  the 
character  of  the  symmetry  changes,  the  substance  loses  its 
identity,  and,  even  if  its  chemical  eomposilion  remains  the 
same,  it  becomes,  to  all  intents  and  purposes,  a  d liferent. sub- 
stance. In  every  crystal  the  symmetry  pomt-  to  a  few  direc- 
tions, to  which  not  only  the  position  of  the  planes,  but  also  the 
physical  properties  of  the  body,  are  closely  related.    Certain  of 
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these  direrlioiis,  mon'  or  leas  arbitrarily  cli'isen,  are  callcil  tlie 
axei  of  the  ci'ystals,  and  a  crystalline  form  may  be  defined  as 


a  group  o 


nilur  planes  symmetncally  disponed  around  thes 
axes.     As  is  evident  from  tliis  definition  a 
crystalline  form,  like  a  geonielrical  form,  is 
a  pure  abstraction,  and  this   conception  is 
refiilly  to  be   kept  distinct  from  tlie  idea 
a  crystal,  which  implies  not  only  a  cer- 
n    form,   but    also    a    certain    structure, 
n  by  far  the  larger  number  of 
he  same  crystal  is  bounded  by  several 
ibrms.     Thus,  in  Fig.  4,  nhicli  represents  a 
crystal  of  common  quarln,  tlie  planes  of  the 
prism  and   the   planes   of  the   pyramid   are 
distinct  crystalline  ibrms, 

73.  Sf/stems  of  Vnjstah.  —  A  careful  study  of  the  forms  of 
crystals  has  shoun  that  these  forms  may  be  classified  under  six 
crystalline  systems,  each  of  which  is  distinguished  by  a  peculiar 
plan  of  symmetry.  These  divisions,  it  is  true,  are  in  a  meas- 
ure arbitrary ;  for  here,  as  elsewhere  in  nature,  no  sharp  dividing 
lines  are  found  ;  but  nevertheless  the  distinctions  on  ivhich  the 
classification  rests  are  dearly  marked.  We  can  only  give  iti 
this  book  a  very  imperfect  idea  of  tliese  several  plans  of  sym- 
metry by  representing  with  figures  a  few  of  the  more  cliarae- 
teristic  forma  of  each. 

74.  Firgt  or  Isometrie  System?-  —  The  three  most  frequently 
occurring  forms  of  this  system  are  the  regular  octahedron,  the 


rhombic  dodecahedron  and  the  cube.  Figs,  b,  G,  and  7.     These 
and  all  the  other  forms  of  the  system  may  be  regarded  as 

1  Cnlled  also  moaometric. 


oy  Google 


CRYSTALLISE   FOllMS. 


139 


groupeil  around  three  equal  and  similar  axes  at  right  angles  to 
each  olher,  and  henee  Ibe  name  isometric  (equal  dimension^). 
They  present  the  same  eymmetry  on  all  sides,  and  the  appear^ 
ance  of  the  form  is  identical,  whichever  axis  is  placet!  in  a  ver- 
tical [losilion.  In  this  system  no  variation  in  the  rehitive  posi- 
tions or  lengths  of  the  axes  is  possible,  for  this  would  change 
the  plan  of  symmetry  on  which  the  system  is  based. 

75.  Second  or  Tetragonal  St/stem.'^  —  The  plan  of  symmetry 
in  this  system  is  best  illus(raled  by  the  square  octahedron,  Fig. 
8.     Of  this  form  the  basal  section,  Fig.  9,  is  a  square,  and  to 


h     f       I  e  name  of  (he  system  refers.     The  vertical  seclion, 
h         er  hand,  is  a  rhomh,  Fig  10.     Here,  as  in  the  first 
y  i     forms  may  all  be  referred  to  three  rectangular  axes, 

I         ly     vo  have  the  same  length;  the  third  maybe  either 
horter  than  the  others.     The  last  is  the  dominant 
f    h     form,  and  hence  we  aUvaj's  place  it  in  a  vertical 
»yi  1  call  it  the  vertical  axis.     The  length  of  the  verti- 

cal h  ars  a  constant  ratio  to  that  of  tlie  lateral  axes  in  all 

J      1     f  the  same  substance,  but  this  ratio  diifers  very  greatly 
d  ff       t  substances,  and  is  therefore  an  important  crystal- 
ph      haracter.    The  familiar  square  prism  is  another  very 
Uara        tic  form  of  (Lis  system. 

Tig.  11.  Kg.  13. 


Jloreover,  the  planes  both  of  the  prism  and  of  the  octahedron 
may  have  different  positions  with  reference  to  the  lateral  axes, 
as  is  shown   by  t!ie    two  basal   sections,    Figs.  11    and    12; 

I  CiLlkil  nlso  dimalric. 
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1  distinguish  two   8r[uare  prisms  ; 
one  of  which  is  said  to  be  tlie  in 


and  this  lea<!s  u 
square  octahedro 
the  other. 

76.  Third  or  Hexagonal  System.  —  In  the  last  syslem  the 
planes  were  arranged  by  fours  around  one  dominant  axis,  while 
in  this  system  they  are  arranged  by  sixes.  The  most  character- 
istic forms  of  this  system  are  the  hexagonal  pyramid,  Fig.  13, 
and  the  hexagonal  prism,  Fig.  14.  The  basal  section  through 
eitiier  of  these  forms  is  a  regular  hexagon,  Fig.  15,  and,  besides 


the  dominant  or  vertical  axi%  we  also  distinguish  as  lateral  axes 
the  three  diagonals  of  this  hesagonal  section.  These  lateral 
axes  stand  at  riglit  angles  to  the  vertical  axis,  but  between 
tliemselves  they  subtend  angles  of  60°.  Here,  as  before,  the 
ratio  of  the  length  of  the  vertical  axis  to  the  common  length  of 
the  lateral  axes  has  a  constant  value  on  crystals  of  the  same 
Buhstance,  but  differs  very  greatly  with  different  substances, 
the  vertical  axis  being  sometimes  longer  and  sometimes  shorter 


than  the  other  three.     The   rhombohedron.  Fig.  16, 
BCalenohedron,  Fig.  17,  are  also  forms  of  this  syslem,  and  o 
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even  more  frequently  than  the  more  typical  forms  first  men- 
tioned. Lasily,  a  difference  of  position  in  the  planes  of  the 
prism  or  pyramid  with  reference  to  the  lateral  axes  gives  rise 
in  this  system  to  the  same  distinction  between  the  direct  and 
the  inverse  forms  as  in  the  last, 

77.  Fourth  or  Orlhorkombic  Systfm}  —  The  most  character- 
istic forms  of  this  system  are  the  rhombic  octahedron.  Fig.  18, 
and  the  right  rhombic  prism,  from  which  the  system  talies  its 
name.  The  three  principal  sections  of  the  octahedron,  repre- 
sented by  Figs,  19,  20,  and  21,  and  also  the  basal  section  of  the 


prism,  are  all  rhomb=,  whose  relations  to  the  form  are  indicated 
by  the  lettering  of  the  figures.  Weeasily  distinguish  here  three 
axes  at  right  angles  to  each  other,  but  of  unequal  lengths,  and 
in  regard  to  the  ratios  of  these  lengths  the  remarks  of  the  last 
two  sections  are  strictly  applicable, 

78.  Fifth  or  Monoclinic  System. — The  forms  classed  together 
nnder  this  system  may  be  referred  to  three  unequal  axes,  one  of. 
which  stands  at  right  angles  to  the  plane  of  the  other  two,  while 
they  are  inclined  to  each  other  at  fin  angle,  which,  lliough  con- 
stant on  crystals  of  the  same  substance,  varies  very  greatly  m  ith 
different  substances,  aa  vary  also  the  relative  dimensions  of  the 
axes  themselves.  Fig.  22  represents  an  octahedron  of  this 
system,  and  Figs,  23  and  24  represent  two  sections  mile 
through  the  edges  FF  and  Diy  of  this  form  A  section 
through  the  edges  VC  would  be  similar  to  Fig  23,  and  these 
three  sections  give  a  clear  idea  of  the  relative  positions  of  the 
axes.     The  section.  Fig.  24,  containing  the  two  oblique  axes, 

1  Ciilled  also  Irimatiic. 
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is  called  the  plane  of  symmelry,  and  ihc  faces  on  all  monoclinic 
crystals  are  disposed  symmetrieally  solely  with  reference  to  this 
plane.     In  a  word,  the  symmetry  is  bilateral,  and  corresponds 

Jil-  23,  rig.  S3.  Fi-.  24. 


lo  the  type  with  whicli  we  are  so  familiar  in  ihe 
the  humaJi  body.  This  plan  of  symmetry  is  well  iliusti-aled  by 
Figs.  26,  26,  and  27,  which  represent  the  commonly  occuriing 
forms  of  gypsum,  augite,  and  felspar,  three  of  the  moat  com- 
mon minerals.  These  figures,  however,  do  not,  like  those  of  the 
previous  sections,  represent  simple  crystalline  forms.  The  crys- 
tals here  represented  are  in  each  case  bounded  by  several  forms, 
and  indeed  in  this  system  such  compound  forms  are  alone  poa- 
eible,  for  no  simple  monoelinic  form  can  of  itself  enclose  space. 

Pie-  26.  rig.  26.  Fij,  27. 


■  This  system  is  distinguished 
complete  want  of  symmetry.  Only  opposite  planes 
are  similar,  and  two  such  planes  constitute  a 
complete  crystalline  form.  Ilence  on  every 
crystal  there  must  be  at  least  threesimple  forms. 
We  may  refer  the  planes  of  any  crystal  to 
three  unequal  axes  all  oblique  to  each  other, 
but  the  position  we  assign  to  them  is  quite  ar- 
bitrary, and  they  have  therefore  little  value  aB 
crj' stall ographic  elements.  Fig.  28  represents 
iphatc  of  copper,  one  of  the  very  few  subtances 


ivliich  crystallize  in  this  syjtem.. 
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80.  Modifications  on  Crystals.  —  Wlien  several  crj'Slalline 
forms  appear  on  the  same  crystal,  some  one  is  usually  more 
prominent  or  dominant  than  the  rest,  and  givea  to  the  crystal 
its  general  aspect,  the  planes  of  the  secondary  forms  only  ap- 
pearing on  its  edges  or  solid  angles,  which  are  then  said  to  be 
modified  or  repkced.  Thus,  in  Figs.  29,  30,  and  31,  the  solid 
angles  of  a  cube  are  replaced  (or  truncated)  by  the  faces  of  an 
octahedron ;  in  Fig.  32  the  edges  of  the  cube  are  replaced  by 
the  faces  of  the  dodecahedron;  in  Fig.  33  the  edges  of  the 
octahedron  are  modified  in  the  same  way  ;  and  in  Fig.  34  the 
solid  angles  of  a  dodecahedron  are  replaced  by  the  faces  of  an 


oc  'ihed  on  The  e  t  e  1  forn  of  tl  e  ome  res  (e  and 
the  relt  ons  ot  the  s  mple  forms  to  each  o  1  pr  wh  eh  deter 
m  ne  in  e  ery  case  tl  e  pos  t  on  of  he  second'irj  plane  w  H 
be  read  y  teen  on  compar  ng  toge  I  er  he  li„  res  alrea  ly 
g  ven  on  page  138  These  figures  Ike  all  crj  tallOj,r^ph  o 
draw  ng  are  georaetncal  project  on  and  repre  nt  the  plines 
in  ll  e  same  relat  ve  pc  t  on  towards  f  1  e  crj  s  ail  e  axes  vl  ch 
tleyhaveo  tlecr3Sil  I  elt  Mo  eover  nee  all  fi  u  es 
of  cry  Is  of  (1  s  sy  em  the  axes  are  dnvin  n  alsoluely 
tl  e  ame  po«  on  on  tl  e  plane  of  t!  e  pij  er  t  e  ime  face  has 
al  o  tl  e  same  po   t  on  thro  "ho  t 

As  a  gener  1  r  le  oS  the  s  n  laf  pa  ts  of  a  en/s    I  are 
s   lultaneo  slj  anf  s  n  la  Ij  n  odfied      Tl  s  important  law 
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which  is  a  simple  inferenM  fr 
is  illustrated  by  the  figures 

Kb,  SB.  Pig.  38. 


Q  the   prinniplea  nlrcaily  stateii, 
uat   given,   and    also    bj    Figa. 


the  compound  crystals  here  represented  to  one  or  the  other  of 
the  systems  of  symmetry  already  described,  and  from  this  and 


similar  practice  he  will  learn,  better  than  from  any  descrip- 
tions, how  clearly  the  modifications  on  a  crystal  point  out  ila 
cry^tallographic  relations. 
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81.  Hemihedral  Forms.  —  To  the  law  governing  tlie  modi- 
fications of  crystals  just  Stated,  there  is  one  important  excep- 


tion.    It  not  unfrequently  happens  that  half  the  similar  parts 
of  a  crystal  are  modcjied  independently  of  the  other  half.     Thus 


in  Fig.  51  only  one  half  of  the  solid  angles  of  Iho  cube  are 
truncated.     The  modifying  form  in  this  case  is  the  tetrahedron, 


Fig.  53,  also  a  simple  form  of  the  isometric  system^  "When 
all  the  solid  angles  of  the  cube  are  truncated,  the  modifying 
form,  as  has  been  shown,  is  the  octahedron,  and  the-  relation 
which  the  tetrahedron  bears  to  the  octahedron  is  shown  by 
Fig.  52.  The  rhombobedron,  Fig.  54,  stands  in  a  similar  re- 
lation lo  the  hexagonal  pyramid,  Fig,  55.     From  these  figures 
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il  id  evident  tljat  while  the  octahedron  and  the  liexagon:i!  pyra 
mid  have  ail  the  planes  which  perfect  symmeiry  requires,  tbi 


tetrahedron  and  the  rhombohedron  have  only  half  tlie  number, 
and  in  crystallography  all  forma  which  bear  a  similar  relation 
to  the  forma  of  perfect  symmetry  are  said  to  be  Aeniibedral, 
while  the  forms  of  perfect  symmetry  are  distinguished  as  holo- 
hedral.  The  hemihedral  forms  are  quite  numerous  in  all  the 
systems,  but  with  the  exception  of  the  tetrahedron,  rhombohe- 
dron, and  sealenohedron  (Fig.  17),  they  seldom  appear  except 
as  modifying  planes  on  the  edges  or  solid  angles  of  ibe  more 
perfect  forms.  As  a  general  rule,  they  are  easily  recognized, 
but  not  unfrequentiy  they  give  to  a  crystal  the  aspect  of  a  dif- 
ferent system  from  that  to  which  it  really  belongs,  and  may 
lead  (o  fiilse  inferences ;  but  these  can,  in  most  cases,  be  cor- 
rected by  a  careful  study  of  the  intei'facial  angles. 

82.  Identity  of  Crystalline  Form.  —  As  has  already  been 
Btated,  every  substance  is  marked  by  certain  peculiarities  of 
outward  form,  which  are  among  its  most  essential  qvialities,  and 
we  must  ne."it  leam  in-what  these  peculiarities  consist  As  a 
general  rule,  the  same  substance  crystallizes  in  the  same  ronn, 
but  under  unusual  circumstances  it  frequently  appears  in  other 
forms  of  the  same  system.  Thus  fluorspar  is  usually  found 
crystallized  in  cubes,  but  in  large  collections  crystals  of  this 
mineral  may  be  seen  in  almost  all  the  holohedral  forma  of  the 
isometric  system,  includmg  their  numerous  combinations.  In 
like  manner  common  salt  usually  crystallizes  in  cubes,  but  out 
of  a  solution  containing  urea  it  frequently  orystallizps  in  octa- 
hedrons. Moreover,  the  sailie  principle  holds  true  in  regard 
to  substances  crystallizing  in  other  system^,  moat  of  whose 
forms  never  appear  except  in  combination.     Thus  the  mineral 
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quarU  generally  shows  the  simple  combination  represented  in 
Fig,  4  ;  but  more  than  one  hundred  olher  forms,  all,  however, 
belonging  to  the  same  system,  have  been  observed  on  crystals 
of  this  well-known  substance.  So  also  the  crystals  of  gj'psum, 
augite,  and  felspar,  in  most  cases  present  the  forms  already 
figured  on  page  142,  although  other  forms  are  common,  which, 
however,  in  each  case  all  belong  to  the  same  crystiilljne  system. 
We  never  find  ihe  same  substance  in  the  forms  of  different  sys- 
tems except  in  those  cases  of  polymorphism  already  described, 
page  135,  where  the  differences  in  other  properties  are  so  great 
that  the  bodies  can  no  longer  be  regarded  as  the  same  substance. 

Among  substances  crystallizing  in  the  isometric  system  the 
crystalline  form  is  not  so  distinctive  a  character  as  it  is  in  other 
cases.  In  this  system  the  relalive  dimensions  are  invariable, 
and  the  octahedron,  ihe  dodecahedron,  and  the  cube,  more  or 
less  modified  by  different  replacements,  are  the  constantly  re- 
curring forms.  Even  here,  however,  specific  differences  may 
at  times  be  found  in  the  fact  that  some  substances  affect  hemi- 
liedral  forms  on  modification,  while  others  do  not.  In  all  the 
other  systems  llie  dimensions  of  the  crystal  (the  relative  lengths 
of  its  axes  and  the  valnes  of  the  interaxia!  angles)  distinguish 
each  substance  from  every  other.  But  here,  also,  the  general 
statement  must  be  somewliat  modified. 

We  frequenlly  find  on  the  crystak  of  the  same  substance 
several  forma  having  different  axial  dimensions.  Thus,  on  the 
crystal  represented  by  Fig.  56,  belonging  to  the  tetragonal 
system,  there  are  three  different  octahedrons,  and  three  cor- 
responding values  of  the  vertical  axis.  But  if,  beginning  with 
the  planes  of  the  octahedron  0,  we  determine 
the  ratio  which  its  vertical  axis  bears  to  the 
conimon  length  of  the  two  lateral  axes,  and 
call  this  value  a,  we  shall  find  that  the  cor- 
responding values  for  the  two  Other  octahe- 
drons are  2a  and  ^a  respectively.  Jlore- 
over,  if  we  extend  our  study  we  shall  also 
find  that  this  example  illustrates  a  general 
principle,  and  that  ihe  erystalline  forms  of 
a  given  substance  include  not  onlt/  those  of 
identical  anal  dimensions,  but  also  those  whose  dimensions  hear 
to  eaeh  other  some  simple  ratio. 
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Tiiia  most  important  law  gives  lo  tlie  science  of  crystal'.og- 
raphy  a  niatliemaiical  basis,  anU  enables  us  to  apply  llie  exhaui- 
tive  metliods  of  analytical  geometry  in  di:^cussing  tlie  various  re- 
lations of  tiie  subject.  Among  the  actual  forms  of  ii giien  sub- 
stance we  fix  on  some  one  as  the  fuDdamenial  form,  anil,  takini; 
the  values  of  its  axial  dimensions  as  our  slanclar<)s,  we  are  able 
to  express  ibe  posiiion  of  the  planes  of  all  lite  po-^sihle  forms  by 
mean^  of  very  simple  symbols,  and  al»o  to  ex|iress  by  mathe- 
matical formulfe  the  relations  of  the  inlerlacial  angles  lo  tlie 
same  fundamental  elements  of  the  crystal ;  so  that  the  one 
may  readily  be  calculated  from  the  other. 

It  may&eem  at  flret  sight  that  the  crystallographlc  distinction 
between  difFereat  substances,  insisted  on  above,  is  greatly  ob- 
scured by  the  important  limitations  just  made.  But  it  is  not 
so,  at  lea-t  to  any  great  extent.  The  selection  of  the  funda- 
mental form  of  a  given  substance  is  not  arbitrary,  alihough  it  is 
based  on  considerations  which  it  lies  beyond  the  scope  of  this 
book  lo  discuss.  Moreover,  an  error  in  this  clioice  is  not  fun- 
damental, since  the  true  conception  of  the  form  of  a  substance 
includes  not  only  the  fundamental  form,  hut  all  tho.-e  which  ai-e 
related  to  it.  This  conception,  though  not  readily  embodied  in 
ordinary  language,  is  easily  expressed  by  a  general  mathemat- 
ical formula,  and  is  as  tangible  to  one  familiar  with  the  subject 
as  the  general  statement  first  made. 

But  however  obscure,  to  those  who  are  not  familiar  with 
mathematical  conceptions,  may  be  the  distinction  between  the 
forms  of  different  substances  in  the  same  system,  ihe  difference 
between  the  different  systems  is  clear  and  definite,  and  it  is 
with  this  broad  distinction  that  we  have  chiefly  lo  deal  in  our 
chemical  classification. 

83.  Irregvlarittes  of  Crystals.  —  It  must  not  be  supposed 
that  natural  crystals  Lave  the  same  perfection  of  foiin  and 
regularity  of  outline  which  our  figures  might  seem  to  indicate. 
In  addition  to  being  more  or  less  bruised  or  broken  from  acci- 
dental causes,  crystals  are  rarely  terminated  on  all  sides,  —  one 
or  more  of  the  faces  being  obliterated  where  the  crystal  is  im- 
planted on  the  rock,  or  where  it  is  merged  in  other  crystals. 
But  by  far  the  most  remarkable  phase  which  the  irregularities 
of  crystals  present  is  that  shown  by  Figs.  57  to  67.  By  com- 
paring together  the  Ggurea  which  have  been  here  grouped  lo- 
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gether  on  the  pagn,  and  wTiich  represent  in  each  case  different 
pliases  of  the  same  crystalline  form,  it  will  be  seen  that  the 
s  from  the  normal  type  are  caused  by  the  undue  de- 


velopment of  certain  planes  at  the  expense  of  thei 
>r  by  an  abnormal  growth  of  tlie  crystal 


some  one  direction. 


Such  forma  as  these,  however,  although  great  deparlureg 
from  the  ideal  geometrical  types,  are  in  perfect  harmony  with 


the  principles  of  crystal lography.     The  asis  of  a  crystal  is  not 
a  definite  line,  but  a  definite  direction ;  and  the  face  of  a  crystal 
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is  not  a  plane  of  definife  size,  but  simply  an  extension  in  two 
defliiiie  dii-ectioiis.  These  directions  are  tlie  only  fundamental 
elements  of  a  crystalline  form,  and  tiiey  are  preserved  under 

Tig.  63. 


llg.  Gi. 

gig-  65- 

1 

all  conditions,  as  is  proved  by  tbe  constancy  of  the  interfacial 
angles,  and  of  the  modifications,  on  crystals  of  the  same  sub- 
stance, however  irregular  may  have  been  the  development. 

84.  Twin  Crystals.  —  Every  crystal  appears  to  grow  by  the 
elow  accretion  of  material  around  some  nucleus,  which  is  usually 
a  molecule  or  a  group  of  molecules  of  the  same  substance,  and 
■which  we  may  call  the  crystalline  molecule  or  germ.  Now  we 
must  suppose  that  these  molecules  have  the  same  differences  on 
different  sides  which  we  see  in  the  fully  developed  crystal,  and 
which,  for  the  want  of  a  better  terra,  we  may  call  polarity.  As 
a  general  rule,  in  the  aggregation  of  llie  molecules  a  perfect 
parallelism  of  all  the  similar  parts  is  preRerved.  But,  if  molec- 
ular polai-iry  at  all  resembles  magnelic  pohirity,  it  may  well  be 
that  two  crystalline  molecules  might  become  ariached  to  each 
other  in  a  reversed  position,  or  in  some  oilier  definite  position 
determined  by  the  action  of  the  polar  forces.  Assume  now  that 
each  of  these  crystalline  molecules  "  germinale-,"  and  (he  result 
would  be  such  twin  crystals  as.  we  actually  find  in  nature.  The 
result  is  usually  the  same  as  if  a  crystal  of  the  normal  form 
were  cut  in  two  by  a  plane  having  a  definite  po»^iiion  towards 
the  crystalline  axes,  and  one  part  turned  half  round  on  the 
other ;  and  twins  of  this  kind  are  therefore  called  hemitropes. 
Figs.  68  to  71.  At  other  times  the  germinal  molecules  seem 
to  have  become  attached  with  their  dominant  axes  at  right 
angles  to  each  other,  and  then  there  result  twins  such  as  are 
represented  in  Figs.  72  anil  73 ;  aud  many  other  modes  of  twin- 
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nin"  are  possible.  Some  subslances  are  much  more  prone  to 
the  formation  of  twin  crystals  than  oiheri,  and  the  same  sub- 
stance generally  affects  the  same  mode  ot  twinnm"  wh  cli  may 


thus  become  an  important  specific  character.    The  plane  which 
separates  the  two  members  of  a  twin  crystal,  called  the  plane 

Fig.  72. 


of  twinning,  has  always  a  definite  position, and  is  in  every  case 
parallel  either  to  an  actual  or  to  a  pos^ible  face  on  both  of  the 
two  forms. 

Twin  ci^-stals  always  preserve  the  same  symmetry  of  group- 
ing lid  the  values  of  the  inlerfacial  angles  between  the  two 
forms  are  constant  on  crjstals  of  the  same  subslince  ■^o  that 
they  might  sometimes  be  mstikenfor  simple  tryilals  b  un- 
practised ohserveri  There  is,  however  a  -iimple  criterion  ly 
which  they  can  be  generally  distinguished  S  mpli,  crj  tala 
neier  have  re  entering  angles  and  whenever  llie  e  occur  (he 
faces  which  subt«'nd  them  must  belong  (o  t«o  indn  iduals 

The  same  pnnuple  which  leids  to  the  form'ition  ot  In  in 
cr)Sl-ils  may  determ  no  the  grouping  of  =everal  germinal 
molecules,  and  lead  to  the  formation  of  far  more  complex  com 
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binations.  Frequently,  as  it  nould  seem,  a  lar;>»  number  of 
inoleculea  arrange  themselves  in  a  line  with  ilieir  principal 
axes  parallel  and  iheir  diasimtlar  ends  ti^ether,  and  heuce  re- 
Full  linear  gi-oupa  of  crystals  aliemating  in  poailion,  but  so  fused 
into  each  other  as  lo  leave  no  evidence  of  the  composite  char- 
acter except  the  re-entering  angles,  and  frequently  these  are 
marked  only  by  the  slriations  on  the  surface  of  llie  resulting 
faces.  Such  a  sirueture  is  peculiar  to  certain  minerals,  and 
the  resulting  striation  frequently  serves  as  an  important  means 
of  distinction.  The  orthoclase  and  the  klinoclase  felspars  are 
di^tinguibhed  in  this  way. 

85.  Ci-yslaiUne  Structure.  —  The  crystalline  form  of  a  body 
is  only  one  of  the  manifestations  of  its  crystalline  structure. 
This  also  appears  in  various  physical  pi'operlies,  which  are  fi-e- 
quently  of  great  value  in  fixing  the  crystuliographic  relations 
of  a  sulstance,  and  such  is  especially  the  case  when,  on  ac- 
count of  the  imperfection  of  the  crystal^  the  crystalline  form  is 
obscure.  Of  these  physical  qualities  one  of  the  most  impor- 
tant is  cleavage. 

As  a  general  rule,  crystallized  bodies  may  be  split  more  or 
less  readily  in  certain  detinite  directions,  called  planes  of  cleav- 
age, which  are  always  parallel  either  to  an  actual  or  to  a  pos- 
sible face  on  the  crystals  of  the  substance,  and  are  thus  inti- 
mately associated  with  its  crystalline  structure.  At  times  the 
cleavage  is  "ViTy  easily  obtained,  when  it  is  said  to  be  eminent, 
as  in  tlie  case  of  mica  or  gypsum,  which  can  readily  be  split 
into  exceedingly  thin  leaves,  while  in  other  cases  it  can  only 
be  effected  by  using  some  sharp  tool  and  applying  considerable 
mechanical  force.  With  a  few  unimportant  exceptions  the 
cleavage  planes  liave  the  same  position  on  all  specimens  of  the 
same  substance.  Thus  specimens  of  fluor-spar  may  be  readily 
cleaved  parallel  to  the  faces  of  an  octahedron.  Fig.  5,  those  of 
galena  pai-allel  to  the  faces  of  a  cube.  Fig.  7,  those  of  blende 
parallel  to  the  faces  of  a  dodecahedron,  Fig.  6,  and  those  of 
calc-spar  parallel  to  the  faces  of  a  rhombohedroit.  Fin;.  IC.  In 
these  cases,  and  in  many  others,  the  cleavage  is  a  more  distinc- 
tive character  than  the  external. form,  and  can  be  more  fre- 
quetiily  observed,  and  we  generally  regard  the  form  (iroduced 
by  the  union  of  the  several  planes  of  cleavage  as  the  funda- 
mental form  of  the  substance. 

Again,  ive  always  find  that  cleavage  is  obtained  with  equal 
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e-i  e  01  dffii.u]t(  panlUl  lo  eimilar  ficp^  aid  null  unequal 
ease  or  difficulty  parallel  to  disfimiUr  faces  Jloreoi er,  the 
di'isirailar  cleiv^ge  faces  thus  obtained  raiy  geiierally  be  dia- 
tinouii>hed  from  each  other  by  differeneea  of  lu  tie,  -tnation, 
and  oilier  ph3Sicil  character,  and  luch  distinctions  are  fre- 
<]uentlvfl  gieat  help  in  elnd^ing  the  en -iallo graphic  rfhtions 
ot  a  Bub  tance  Similar  differences  on  llie  natural  faces  ot 
crj  t  lis  are  also  equally  valuable  guidca 

But,  of  all  the  modes  of  investigating  the  crystalline  structure 
of  a  bod}',  none  can  compare  in  efficitfncy  with  the  u-e  of  poUir- 
ixed  lights.  It  is  impossible  to  explain  the  theory  of  tliis  beau- 
tiful application  of  tlie  principles  of  optics  without,  extending 
this  chapter  to  a  length  wholly  incompatible  with  tlie  design  of 
this  book.  It  must  suffice  to  »ay,  that  if  we  examine  with  a 
pnlarizing  microscope  a  thin  slice  of  any  tnmsparcnt  crystal  of 
eiclier  the  second  or  third  system,  cut  parallel  to  the  dominant 
axis,  we  see  a  series  of  colored  rings,  intersected  by  a  black 
cross,  and  it  is  evident  that  the  circular  form  of  the  rings 
answers  to  the  perfect  symmetry  which  exists  in  these  systems 
around  the  vertical  asis.  Ifi  however,  we  examine  in  a  similar 
way  a  slice  (rom  a  crystal  of  one  of  the  last  three  systems,  cut 
in  a  definite  dii'ection,  which  depends  on  the  molecular  structure, 
and  mu.-t  be  found  liy  trial,  we  see  a  aeries  of  oval  rings  with 
two  distinct  centres,  indicating  that  llie  symmetry  is  of  a  dif- 
ferent type.  Moreover,  the  distribution  of  the  colors  around 
the  two  centres  corresponds  in  each  case  to  the  peculiarities  of 
the  molecular  stnicture,  and  enables  us  to  decide  to  which  of 
the  three  systems  the  crystal  belongs. 

The  use  of  polarized  light  has  revealed  remarkable  differ- 
ences of  strnotiire  in  different  crystals  of  the  same  substance, 
connected  with  the  hemihedral  modilications  described  above. 
The  Figures  74  and  76  represent  crystals  of  two  varieties  of 
tartaric  acid,  which  only  differ  from  each  other  in  the  position 
of  two  hemihedral  planes,  and  are  so  related  that  when  placed 
before  a  mirror  the  image  of  one  will  be  the  exact  representa- 
tion of  the  other.  The  intermediate  Figure,  75,  represents  the 
same  crystal  without  these  modilications.  Since  the  solid 
angles  are  all  similar,  we  should  expect  lo  find  them  all  modi- 
fied simultaneously  ;  but,  while  on  crystals  of  common  tartaric 
acid  only  the  two  front  angles  (as  the  figure  Is  di-awn)  are  re- 
placed, a  variety  of  this  acid  has  been  di?covered  having  simi- 
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lar  ery-fab,  wliose  back  angles  only  are  modified.  "Now,  it  ig 
found  that  a  solution  of  the  common  acid  rotates  llie  plane  of 
polarizalion  of  a.  beam  of  liglit  to  the  right,  while  a  similar  so- 


lution of  this  remarkable  variety  rotates  the  plane  of  polariza- 
tion to  the  left.  This  difTerence  of  crystalline  structure,  more- 
over, is  associated  with  certain  small  differences  in  the  chemi- 
cal qualities  of  tlie  two  bodies  ;  but  the  difference  is  so  slight 
that  we  cannot  but  regard  them  as  essentially  the  same  sub- 
etanee,  and  the  polarized  light  thus  reveals  to  us  the  beginnings 
of  a  difference  of  structm-e,  which,  when  more  developed,  mani- 
fests itself  in  the  phenomena  of  isomerism.  It  is  a  remarkable 
fact,  worthy  of  notice  in  this  eonnection,  that  these  two  varieties 
of  tartaric  acid  chemically  combine  with  each  other,  forming  a 
new  substance  called  11 


Questions. 

1.  By  what  [leculiar  moile  of  fjtnmetry  may  each  of  the  six  erys- 
talhne  systems  be  distinjruished  ?  How  may  crystals  belonging  to 
the  1st  system  be  recf^nized  'I  How  may  crystals  of  the  2d,  Sd, 
and  4ih  f^ystetns  be  distinguished  by  studying  the  distribution  of 
the  similar  planes  around  their  terminatious  or  dominant  axes? 
By  what  peculiar  dis'rlbiition  of  similar  planes  may  the  crystals  of 
the  5[h  and  6th  Bystems  ba  distinguished  from  all  others '/  State 
the  system  to  which  each  of  the  cryftali,  represented  by  the  various 
figures  of  this  chapter,  belongs,  and  give  the  reason  of  your  answtr 

2.  We  find  in  the  mineral  kingdom  two  different  octahedral  forma 
of  titanic  acid  belonging  to  the  tetragonal  system.  In  one  of  these 
forms  the  ratio  of  the  unequal  axes  is  1  :  0.6442,  in  the  other  it  is 
1 :  1.7723.     Can  these  fornis  belong  to  the  same  mineral  substance  ? 
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86    General  Principles  — If  in  a  vessel  of  dilute  sulphuric 
ac  d  (o  e  pa  t  of       d   to  twenty  of  water)  we   suspend   a 
phte  ot  z  nc  a    la  plate  of  plat  num,  oppoaiie  to  each  other, 
and  R  t        contact  we  fin  1  that  no  chemical 
ac  on   wl  atever  t  kes   place    p^o^  led    the  Fig,  If- 

z  nc  ad  tl  e  ac  d  are  pi  fcctly  p  -e.  As 
soon  1  owe  er  as  the  two  pla  es  are  united  by 
a  copper  wire,  as  represented  in  Fig.  77,  chem- 
ical action  immediately  ensues,  and  the  follow- 
ing phenoinenit  may  be  observed.  First  : 
Bubbles  of  liydiogeng IS  are  evolved  fion  the 
surface  of  the  platinum  plale  Steonllj 
riie  zmc  plate  slonlj  dis  ohei  (he  ziiic  comh  ning  with  the 
radical  of  the  acid  (o  form  zinuc  sulphite  which  is  oliihle  in 
water  Lastlj  A  petuhar  n  ode  of  itomic  motion  called 
electricity  is  trinsmitle  I  through  the  copper  wire  as  m^y  be 
male  eviduit  by  appropnite  means  If  the  conne  tion  be 
tween  the  plates  is  bioken  by  di\iling  the  conducting  wire, 
the  chemual  action  instantly  slops  ^'"^  'he  current  ot  elec 
tncity  ceases  to  flow  but,aa  soon  as  the  connection  is  renewed, 
these  phenomena  again  ippe-ir 

bimi!  ir  effects  m  ly  he  producpd  b^  other  combimtions  tha  i 
the  one  ju=t  mentioned  provide!  only  cerla  n  eondit<n-i  are 
reilized  In  the  first  place  the  two  phtea  mu  t  con  vl  of 
materu's  wh  ch  aie  un  qinll^  aff  cled  by  the  1  quid  conlaiiel 
in  the  vessel  or  cell  and  the  greater  the  difference  in  this 
respect,  within  manafteiible  limits,  the  better.  In  the  second 
place,  the  materials,  both  of  plates  and  connector,  must  be  con- 
ductors of  etectriciiy  ;  and,  lastly,  the  liquid  must  contain  some 
substance  for  one  of  whose  radicals  the  material  of  one  of  the 
plates  has  sufficient  atHnily  to  duliermine  the  decomposition  of 
the  compound  in  solution. 
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Practically,  the   combination    fir-it   meniioned,    with   a.   few 
slifht  modifications,  is  found  to  be  the  best  aiJapled  fur  general 


a 


te      >     h  m 
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be  transmitted  from  molecule  to  molecule,  through  the  material 
of  the  plate  and  the  counecting  wire,  in  the  tame  way  that  a 
fihock  is  transmitted  along  a  line  of  ivory  balls;  and  an  elec- 
tric current,  as  wa  conceive  of  it,  is  merely  a  wil*,  or  other  con- 
ductor, filled  with  innumerable  lines  of  oscillating  molecules. 

But  the?e  very  impulses,  which  impart  motion  to  the  metal- 
lic molecules,  react  on  the  liquid,  forcing  back  the  hydrogen 
atoms  towards  the  platinum,  and  the  result  is  a  constant  me- 
tathesis along  the  whole  line  of  molecules  between  the  two 
plates ;  so  thai,  for  every  atom  of  chlorine  which  enters  into 
union  with  the  zinc,  an  atom  of  hydrogen  is  set  free  at  the  face 
of  the  platinum  plate.  Thus  we  have  the  singular  phenome- 
non produced  of  two  coexisting  atomic  currents  throughout 
the  mass  of  the  liquids,  a  stream  of  chlorine  atoms  constantly 
setting  towards  the  zinc  plate,  and  a  stream  of  hydrogen  atoms 
flowing  in  the  opposite  direction,  in  the  same  space,  towards 
the  platinum  plate.  Corresponding  to  this  motion  in  the  mass 
of  the  liquid  is  the  peculiar  atomic  motion  in  the  metallic  con- 
ductors. The  two,  for  some  unknown  reason,  are  mutually 
dependent;  and  tlie  moment  the  connection  is  broken,  so  that 
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tlic  motion  can  no  longer  be  transmilleil  tln-ougli  llie  con- 
ductor, the  motion  in  the  liquid  itself  censes.  As  i-cgnuU 
the  mode  of  atomic  motion  in  tlie  solid  metallic  coniluctoip,  wo 
have  been  unable  to  form  any  clear  conceptions.  Altiiough 
apparently  allied  to  lieat,  this  peculiar  mode  of  atomic  motion, 
called  eiectriciiy,  is  capable  of  producing  very  clifferent  ciassea 
of  effects,  and  has  the  remarkable  power  of  imparting  to  the 
unlike  atoms  of  almost  all  compound  bodies  the  same  opposite 
motions  which  attend  its  first  production.  In  our  ignorance  of 
its  nature,  the  direction  we  assign  to  the  electric  current  is  in 
gi-eut  measure  arbitrary;  and  it  18  more  probable  I  hat  a  two- 
fold current  coexists  in  the  conducting  wire,  correi^ ponding  to 
that  wliicb  we  liave  recognized  as  actually  flowing  through  the 
liquid  between  the  plates  of  the  cell.  These  two  currents  have 
in  fact  been  distinguished  by  different  names ;  that  flowing  into 
the  conducting  wire  from  the  platinum,  or  inactive  plafe,  being 
called  the  positive  current,  and  that  from  the  zinc,  or  aelive 
plate,  (he  negative  current  These  names,  however,  are  iniended 
to  indicate  mei'cly  some  unknown  opposition  of  relations  be- 
tween the  (wo  lines  of  moving  atoms,  and  not  an  essential  dif- 
ference in  the  mode  of  the  motion.  Reasoning  from  certain 
mechanical  phenomena,  the  physicists  originally  assumed  (hat 
the  elecirical  current  flowed  in  but  one  direction,  tliat  is.  tlirough 
the  conducting  wire  from  the  platinum  plate  to  the  zinc,  and 
from  the  zinc  plate  through  (ho  liquid  back  again  to  the  plat- 
inum ;  and  now,  when  the  direction  of  the  current  is  spoken  of, 
it  is  this  direction,  that  of  the  positive  current,  which  in  always 
meant. 

87,  Electrical  Cojiducting  Power  or  Eemtance. —  Different 
materials  transmit  the  electric  current  with  very  different  de- 
grees of  facility  ;  for  while  in  some  this  peculiar  form  of  molec- 
ular motion  is  easily  maintained,  in  others  the  molecules  yield 
(o  it  only  with  difficulty,  and  many  substances  seem  not  to  be 
susceptible  of  it.  The  conducting  powt-rs  of  diflerent  metallic 
wires  have  been  very  carefully  studied,  and  some  of  the  most 
trustworthy  results  are  collected  in  the  following  table.  Silver 
is  the  best  conductor  known,  and,  assuming  tljal  a  silver  wire  of 
definite  size  and  100  centimetres  long  is  taken  as  the  standard, 
the  number  opposite  the  name  of  each  metal  is  the  length  in 
centimetres  of  a  wire  made  of  this  metal,  and  of  the  same  size 


oy  Google 


158 


ELECTRICAL  EELATIOXS   OF   THE   ATOMS. 


as  the  first,  which  will  oppose  the  same  resistance  to  the  trans- 
mission of  the  current.  The  second  column  gives  the  relative 
resistances  of  wires  of  the  same  materials  when  of  equal  size 
and  of  equal  lengths.  The  relative  or  specific  resistances  of  two 
such  wires  must  evidently  he  inversely  proportional  to  tlieir 
conducting  powers,  and  thus  the  numbers  of  the  second  column 
are  easily  calculated  from  those  of  the  first.  For  the  results 
collated  in  this  tahle  we  are  indebted  to  the  careful  investiga- 
tions of  Professor  Blatlhiessen. 


........ 

Conducting  P 

ow.. 

Silver         (/.nrd^oaw) 

]  00.00 

I.'se' 

1.000         1.397 

Copper       (linid  i/niivii  j 
Gold           {hai-d  dniw,,] 

99.U5 

0.27 

l.TOU.i       1,423 

77.96         55  90 

Zinc 

59.02         30.67 

3.J45         4,838 

Cacimium 

a;i.73         10.77 

4.310         5.964 

Cobalt 

17.22 

5.803 

Ii-on            {Iiai-d  ilmwn) 

16.81 

5.94S 

Nickel 

13.11 

7.028 

Till 

12,36 

8.67 

8.091        11.53 

Thalliun 

9.16 
8,33 

10.93 

12.02          17,00 

I««l 

Arsenic 

4.76 

alia 

21,01         30.03 

Antimony 

4  63 

21.05         30.08 

BismuHi 

1  U-i 

o!s:8 

B0.34       1 13.9 

Commcreial 

OP. 

Sp.E.   C 

Comm      la 

Sp  R- 

c=. 

Copper 

77.43 

1.291  18  8 

tron 

14,44 

6,024 

Sodium 

2.672  21  7 

Palhlum 

1^,64 

l7!2 

Aluminum  3.^76 

Pio   nn 

Magnesinm  25.47 

3.926  17  ( 

Sroni     a 

6.71 

20,S 

Calcium      23.1-4 

4.516  16  f 

\Ier  urv 

22,8 

PotasBiuni  20. S5 

4.79S20  4 

Tcllur  am 

129.800    . 

19,6 

LilMnm      19.00 

0.00000!  23'81 ,300,000' 24. 0| 

If,  next,  we  compare  wires  of  the  same  material,  but  of  dif- 
ferent sizes,  we  find  that  the  resistance  increases  as  the  length, 
and  diminishes  as  the  area,  of  the  section.  Moreover,  if  we 
adopt  some  absolute  standard  of  resistance,  like  that  selected  by 
the  English  physicists,  we  can  easily  express  the  resistance  of 
any  given  conductor  in  terms  of  this  unit.  It  must  be  remem- 
bered, however,  in  malting  such  comparisons,  that  the  resist- 
ance varies  with  the  temperature,  and  also  that  the  conducting 
power  of  the  same  metal  is  materially  influenced  both  by  its 
physical  condition  and  by  the  presence  of  impurities. 
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88.  Ohm's  Law.  —  The  first  effect  of  the  chemical  forces  in 
the  cell  of  an  electrical  combiaation  is  to  marshal  the  dissimilar 
atoms  of  tile  active  liquid  between  the  plates  into  linef,  which 
at  once  begin  to  move  in  parallel  columns,  but  in  opposite  di- 
reciions  (I'lg.  78).  Moreover,  each  one  of  these  lines  of  moving 
atoms  is  continued  by  a  corresponding  line  of  oscillating  atoms 
in  the  conducting  wire,  and  thus  is  formed  a  continuous  circuit 
returning  upon  itself.  The  union  of  all  the  Hues  of  force  in 
the  two  opposite  coexisting  streams  constitutes  in  any  case  the 
electrical  curi'ent,  and  the  different  parts  of  this  continuous  chain 
are  so  related  that  the  total  amount  of  motion  is  always  tlie  same 
at  every  point  on  the  circuit,  and  no  more  lines  of  moving  atoms 
form  in  the  liquid  between  the  plates  titan  can  be  continued 
through  the  oscillating  atoms  of  the  solid  conductors. 

If  we  adopt  this  theory,  it  is  obvious  that  Ihe  strength  of  any 
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be  tlie  number  of  the  lines  of  force.  The  second  element  is  de- 
termined by  the  value  of  the  resultanis  of  all  tlie  clieuiical  forces 
acting  in  any  combination,  which  impel  the  dissimilar  atoms 
towards  the  opposite  plates,  —  a  value  which  depends  i^olely  on 
tlie  chemical  relations  of  the  materials  of  ttie  plates  to  that  of  the 
active  liquid,  and  is  what  is  called  the  electromotive  force  of  the 
combination,  a  quantity  we  will  represent  by  E. 

It  appears,  then,  from  the  above  analysis,  that  an  electrical 
current  is  a  continuous  chain,  which  is  sustained  in  a  regulated 
and  equable  motion  in  all  its  parts  by  the  chemical  activity  in 
the  cell,  and  that  the  strength  of  this  current  at  any  point  of  the 
chain  must  be  directly  proportional  to  ihe  electromotive  force, 
and  inversely  proportional  to  the  sum  of  the  i-eslstiinees  through- 
out the  circuit  If,  ihen,  we  represent  the  rcf^istance  in  the  con- 
ducting wire  by  r,  the  resistance  of  the  liquid  between  the  plates 
of  the  cell  by  R,'  and  also  the  strength  of  the  current  by  C,  we 
shall  have,  ia  every  case, 

1  The  rcdslance  of  niiy  circuit  may  be  conTCnioutly  dividerl  into  two  pacts, 
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Tlie  qiianlitiea  C,  li,  r,  and  E  may  all  be  aceumtely  inea?ui'od, 
and  stand  in  each  ca^e  for  a  certain  number  of  arbiti'arj'  units, 
i\'ho?e  i-elatiotis  will  hereafter  be  stated. 

89.  lihctromotive  Force  and  Strength  of  Current.  —  It  would 
seem  at  first  Bight  as  if  ihe  strength  of  an  electric  current  miglit 
be  increased  by  simply  eiilai^in^;  the  size  of  the  plates  in  the 
combination  employed,  and  obviously  the  number  of  possible 
lines  of  moving  atoms  which  could  be  marshailed  in  ihe  liquid 
between  the  plaies  would  thus  be  increased ;  but,  as  has  been 
staled,  ihe  part-s  of  the  circuit  are  so  intimately  connec:ed  that 
nogiealer  number  of  lines  of  atoms  can  form  between  the  plates 
than  Ciin  be  continued  lliTOUgh  ihe  whole  circuit,  and  practically 
there  may  be  formed  between  the  smallest  plales  a  vastly  greater 
number  of  aioraie  lines  than  can  be  continued  through  any  con- 
duclor,  however  gcMwl  its  quality  or  however  ample  its  size. 
Hence  it  is,  that  by  increasing  the  i^ize  of  the  plates  we  mul- 
tiply the  lines  of  force  only  in  so  iar  as  we  thereby  lessen  the 
rerisiance  in  the  liquid  part  of  the  circuit.  We  thus  nmply 
lessen  the  value  of  Ji  m  Ohm's  formula  [C23 ;  but  if  this  value 
is  already  small  as  compared  with  r,  tlial  is,  if  the  resistance  in 
the  cell  is  small  compared  wiih  that  in  the  conductor,  no  mate' 
rial  gaia  in  ihe  power  of  ihe  current,  or  in  the  value  of  C,  will 
result.  On  the  other  hand,  if  the  exterior  resistance,  r,  is  small, 
or  nearly  nothing,  a^;  wlien  the  plates  are  connected  by  a  thick 
metallic  conductor,  then  the  value  of  C  will  increase  in  very 
nearly  the  same  proponion  as  the  size  of  the  plates  is  enlarged, 
and  Ihe  value  of  £,  in  consequence,  diminished.  Under  these 
conditions,  the  number  of  lines  of  moving  atoms  is  greatly  mul- 
p        andneobai    aue       fe  ounbuoy 
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he  BO  id  001  notor  moj  I*  readdy  eetlmated  n  the  principles  stated  111 1 10 
Inxt  seclioa,  and  the  resistance  of  lii^nid  013.7  ^^  measured  la  a  similar  n-ny. 
ThelaRtdopeiidB.  — 1.  Oiillieoonduotiiigpowerof  theMquid;  2,  Ontlielengih 
of  the  liqaid  circuit,  which  is  determined  by  the  distance  BpHrt  of  thep]nte<| 
S.  Oil  tlie  urea  of  tiic  section  of  tlie  liquid  conductor,  which  is  determined  bj- 
the  size  of  the  plutes ;  and,  i.  On  the  Ismperatnre. 


oy  Google 


ELECTRICAL  GELATIONS  OF  THE  ATOMS.  IGl 

that  tlie  curi-ent  has  large  quantity,  but  small  intensiti/,  or  more 
properlj',  electromotive  power. 

It  must  now  be  obvious  from  the  theory,  that  we  cannot  in- 
crease effeciively  the  intensity  of  a  current  {its  power  of  over- 
coming obstacles)  without  in  some  way  inci'easing  the  chemical 
activity,  or,  in  olher  words,  the  electro-motive  force  of  the  com- 
bination emplo}'ed,  and  Ohm's  formula  leads  to  the  same  result. 
If  the  value  of  r  in  our  formula  is  very  lai^  as  compared 
■with  R,  we  cannot  increase  it  still  farther  without  lessening  the 
total  value,  C,  unless  at  the  same  lime  we  increase  the  value 
of  E.  Now,  this  eleiitro-motive  force  may  be,  lo  a  certain  ex- 
tent, inci-eased  by  using  a  more  aciive  combination;  but  ilie 
limit  in  tliis  direction  is  soon  reached,  and  tlie  construction  of 
the  cell  which  has  been  found  practically  to  be  the  most  efii- 
cient  will  be  described  below. 

We  can,  however,  increase  the  effective  electro-motive  force 
to  almost  any  extent  by  using  a  number  of  cells,  and  coupling 
them  together  in  the  manner  represented  by  Fig.  7_9,  the  plati- 
num plate  of  the  first  cell  being  united  by  a  large  metallic  con- 
nector to  the  zinc  plate  of  the  second,  and  so  on  through  the 
line,  until  finally  the  external  conductor  establishes  a  connec- 
tion between  the  platinum  plate  of  the  h  t  cell  and  the  zinc 
plate  of  the  first.  Such  a  combiniiion  da  th  s  is  cilled  a  &al 
vanie  or  Voltaic' battuj  and  the  current  wlich  flows  through 
such  a  combination  has  a  va  tly  greater  power  of  overcoming 
resistance  than  that  of  any  smgle  clII,  howeier  large 

The  increased  effect  obtamed  with  suth  a  combination  will 
be  easily  understood,  when  it  is  remembtr(,d  that  eai^h  of  the 
innumerable  closed  chains  of  „     ^ 

moving  molecules  n 
tends  through  the  whcle 
combination,  and  that  all  it 
parts  move  in  the  same  clos 
mutual  dependence  as  be 
fore.  But  whereas  with  a  "inirle  cell  the  mot  un  throughout 
any  single  chain  of  molecules  is  =ustained  l"j  the  chemical 
energy  at  only  one  point  it  is  here  reinforced  at  several  pomts. 
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and  where  before  we  had  a  single  atomic  blow,  ive  Lave  now 
a  number,  which  siniulianeously  send  their  united  energy  along 
one  and  the  same  line.  The  effective  electro-m olive  power  is 
then  increased  in  proportion  to  the  number  of  cells;  and  the 
effect  on  the  current  would  be  increased  in  the  same  proportion, 
were  it  not  for  the  fact  that  the  current  must  keep  in  molion  a 
greater  mass  of  liquid,  and  hence  the  resistance  u  increased  at 
the  same  lime.  The  value  of  this  resistance,  liowever,  is  easily 
estimaied,  ^ince  il  is  directly  proportional  to  the  distance  through 
which  the  current  has  to  flow  in  the  liquid;  and  lience,  if  the 
liquid  is  the  fame  in  all  the  cells,  and  [lie  plates  are  at  the 
same  distance  apart  in  each,  the  liquid  resistance  will  be  n 
limes  a.s  great  in  a  combination  of  n  cells  as  it  is  in  one. 
Moreover,  since  the  effective  eleclro-motive  force  is  n  times  as 
great  also,  while  llie  external  resistance  remains  uni-hanged, 
the  strength  of  the  current  from  such  a  combination  will  still 
be  expressed  by  formula  [B2]  slighiiy  modified. 

This  formula  shows  at  once,  that,  when  the  exterior  resist- 
ance is  very  small,  or  nothing,  very  little  or  no  gain  will  result 
from  increasing  the  number  of  cells,  for  the  ratio  of  nff  to  nH 
is  the  same  as  that  oF  M  to  M  ;  and,  under  such  conditions,  in 
order  to  increase  the  strength  of  the  current,  we  must  increa?e 
the  surface  of  the  plates.  If,  on  the  contrary,  ihe  exterior  re- 
sistance is  very  large,  the  formula  shows  that  great  gain  will 
result  from  increasing  tlie  number  of  the  cells,  and  that  little 
or  no  advantage  will  accrue  from  enlarging  the  surface  of  the 
plates.  Moreover,  the  formula  enables  us  in  any  case  to  de- 
tennine  what  proportion  the  number  of  cells  should  bear  to  ihe 
size  of  the  plates  in  order  to  obtain  the  full  effect  of  any  battery 
in  doing  a  given  work;  and  in  the  numerous  applications  of 
electricity  in  Ihe  arts  we  find  abundant  illustrations  of  the 
principles  it  involves.  The  methods  used  tn  finding  Ihe  values 
of  the  quantities  represented  in  the  formula  lie  beyond  the 
scope  of  this  work,  and  for  such  information  the  student  is  re- 
ferred  to  works  on  Physics. 

90,    Constructions  of  Cells.  — It  is  found  practically  that  the 
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tive  electro-m olive  force.  Moreover,  after  the  battery  has  been 
working  for  some  lime,  the  water  becomes  chained  with  zincic 
sulphate  ;  and  then  the  zinc,  following  the  eoui-se  of  Ihe  hydro- 
gen, is  also  deposited  on  the  surface  of  the  platinum,  which 
after  a  while  becomes,  to  all  intents  and  purposes,  a  second 
zinc  plate,  and  then,  of  course,  the  electric  current  ceases. 

Both  of  these  difficultiea,  however,  have  also  been  sur- 
mounted by  a  very  simple  means  discovered  by  Jlr.  Grove,  of 
London.  The  Grove  cell.  Fig.  80,  consiste  of  a  circular  plate  of 
zinc  well  amalgamated  on  ita  surface,  and  immersed  in  a  glass 
jar  containing  dilute  sulphuric  acid.  Within  the  zinc  cylinder  is 
placed  a  cylindrical  vessel  of  much  smaller  diameter,  made  of 
porous  earthenware,  and  filled  with  the  strongest  nitric  acid, 
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wid  in  this  hangs  the  plate  of  platinum,  Fig.  81.     The  ivalla  of 

Pig,  80.  Pig.  81. 


the  porou3  ccl!  allow  both  the  hydrogen  and  tho  ;;inc  atoms  to 
pass  fi^'elj  on  Ibeir  niy  to  the  plalinnm  plate;  but  rhu  moment 
they  reach  the  mine  at:d  they  are  at  once  oxidized,  and  thus 
tiae  surface  of  the  platinum  is  kept  cle  m  and  the  cell  in  condi 
tion  to  exert  iU  maximum  electro  motive  power  In  this  com 
bination  we  may  substitute  for  the  plate  of  platnum  i  plife 
of  dense  coke,  such  as  forms  in  the  mterior  of  the  g^s  retorts 
which  is  very  much  cheaper,  and  enables  ua  to  constiucl  large 
cells  at  a  moderate  cost.  The  use  of  gas  coke  na  fir  t  vug 
gesled  by  Professor  Bunsen  of  Heidelberg  and  the  cell  o 
constructed  generally  bears  his  name  The  Bun  en  cell  such 
as  h  represented  in  Fig.  82,  is  exceedingly  w  ell  adapted  for  use 

Fig.  82. 
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nnirorm  size,  the  zinc  cylindera  being  about  8  c  m.  in  diameter 
by  22  C.  ni.  Iiigli,  iind  they  are  frcquenlly  referred  to  as  a  rough 
6landai-d  of  electrical  power.  They  may  he  united  so  as  to 
produce  effecta  either  of  intensity  or  of  quanliiy.  The  inten- 
sity effecis  are  ohtained  in  the  manner  already  described  (see 
Fig.  79),  and  the  quantity  effects  are  obtaim  d  witli  equal  readi- 
ness ;  sint-e  by  attaching  the  zinc  of  seveml  cells  to  the  same 
metallic  conductor,  and  the  corresponding  coke  plales  to  a 
similar  conductor,  we  have  the  equivalent  of  one  cell  wilh  larga 
plates.  Many  other  forms  of  battery,  differing  in  more  or  lesa 
important  details  from  iho^  here  described,  and  adapted  (o 
special  applications  of  electricity,  are  used  in  the  arts,  and  are 
fully  de.-cribed  in  ihe  larger  works  on  physics. 

91.  E!«ctrolysi».  —  As  has  been  already  stated,  ihe  electrical 
current  lias  tlie  remarkable  power  of  imparling  to  the  unlike 
aloms  of  almost  all  compound  bodies  motion  in  opposite  direc- 
tions, like  that  in  the  battery  cell  ilselt  and  ibis,  too,  at  what- 
ever point  in  the  circuit  they  may  be  introduced.  The  galvanic 
battery  thus  becomes  a  most  potent  agent  in  producing  chemi- 
cal decom positions,  and  it  is  in  consequence  of  tiiis  fact  that  tha 
theory  of  the  instrnment  fills  such  an  important  place  in  the  plii- 
loso[>hy  of  chemistry. 

If  we  break  the  metallic  conductor  at  any  ]ioint  of  a  closed 
circuit,  (he  two  ends,  which  in  chemical  experiments  we  usually 
arm  with  platinum  plates,'  are  calli.-d  poles.  Tlie  end  con- 
nected with  the  platinum  or  coke  plate,  from  which  the  positive 
current  is  assumed  to  flow,  is  called  the  positive  pole,  and  the 
end  connected  with  the  zinc  plate,  from  which  the  negative 
current  flows,  is  called  the  negative  pole.  Let  us  assume 
that  Fig.  83  represents  the  two  platinum  poles  dipping  in  a 
solution  of  hydrochloric  acid  in  water,  which 
thus  becmnes  a  part  of  the  circuit.     The  ^'s-  ^■ 

moment  the  circuit  is  thus  closed,  the  H  and 
CI  aloms  begin  lo  travel  in  opposite  direc- 
tions, just  as  in  the  battery  cell  below.  The 
hydrogen  aloms  move  with  the  positive  cuf~ 
rent  towards  the  negative  polo,  and  hydro- 
gen gas  is  disengaged  from  the  surface  of 

1  We  a'e  platinum  plates  becHase  t1iia  metal  does  not  readily  e 
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the  negative  plate,  while  !he  chlorine  atoms  move  with  the 
negative  current  towards  the  positive  pole,  and  clilorine  gns 
ia  evolved  from  the  surlace  of  the  positive  plate.  More- 
over, it  will  be  noticed  that  each  kind  of  atoms  moi'es  ia  the 
same  direction  on  the  closed  circuit,  that  i^  follows  the  course 
of  the  same  current,  both  in  tlie  battery  cell  below  and  in  the 
decomposing  cell  above ;  and  wherever  we  break  the  circuit, 
and  at  as  many  places  as  we  may  break  it,  the  same  phenomena 
may  be  produced,  provided  only  that  our  baitery  lias  sufEcient 
power  to  overcome  the  resiaiance  tbus  introduced. 

If  nest  we  dip  the  poles  in  watei-,  the  atoms  of  the  water 
will  be  set  moving,  as  shown  in  Fig.  84 ;  liy- 
^  ^^''  ^'  c  di-ogen  gas  escaping  as  before  from  tlie  neg- 
T  r     ative  pole,  and  oxygen  gas  from  the  positive. 

jpQQ^^Q  I  ^^^  fi"^'  liowever,  Ihat  pure  water  opposes 
I  HiHiHiHjHjHiS  a  very  great  resistance  to  the  motion  of  the 
E  I     current;  and,  unless  the  current  lias  gi-eat 

intensity,  ihe  effects  obtained  are  inconsider- 
able. But  if  we  mix  nilb  the  water  a  little  sulphuric  acid,  the 
decomposition  at  once  becomes  very  rapid ;  hut  then  it  is  the 
atoms  of  the  sidphuric  acid,  and  not  those  of  the  water,  which 
are  set  in  motion.  The  molecule  B^SO^  divides  into  H^  and 
SOt;  the  hydr(^en  atoms  moving  in  the  usual  direction,  and 
the  atoms  of  S0^  in  ihe  opposite  direction.  As  soon,  however, 
as  the  last  are  set  free  at  the  positive  pole,  they  come  ia 
contact  with  water,  wjiieh  they  immediately  decompose, 
2H.^O+2SOt  =  2HiSOi^  0-0,  wA  the  oxygen  gas  thus 
generated  escapes  from  the  laee  of  the  platinum  plate.  Thus 
Ibe  result  is  ihe  same  as  if  water  were  directly  decomposed, 
but  the  actual  process  is  quite  differeni. 

So  aUo  in  many  other  cases  of  electrolysis,  —  as  these  decom- 
positions by  the  electrical  current  are  called,  — the  process  is 
complicated  by  the  reaclion  of  the  water,  which  is  the  ufual 
medium  employed  in  the  experiments.  Thus,  if  we  inierpo.ie 
between  the  poles  asolution  of  common  salt,  iVaCY.  (lie  chlorine 
atoms  move  towards  the  positive  pole,  and  chlorine  gas  is  there 
evolved  as  in  Ihe  first  example.  The  sodium  atoms  move  also, 
but  in  the  opposite  direction.  As  soon,  however,  as  ihey  are 
set  free  at  the  negative  pole,  they  decompose  the  water  present; 
hydrogen  gas  is  formed,  which  escapes  in  bubbles  from  the 
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plaliriiim  plate,  while  sodic  bydrate  (caustic  soda) 

2JI,0  +  ^Na  =  iH,  Na-  0  +  H-ll 

We  add  but  one  otlier  esample,  which  illustrates  f 
imporlant  application  of  tbe^ic  principles  in  the  arts.  ^ 
sume,  in  Fig.  85,  that  the  positive 
pole  \i  armed  with  a  plate  of  copper, 
and  thai  to  the  n 
fastened  a  mould  of  s 
we  wish  to  copy,  the  surface  of  which, 
at  least,  'm  a  good  conductor, 
assume  further  that  both  copper  plate  and  mould  are  sus- 
pended in  a  solution  of  sulphate  of  copper,  CwSOi-  In  iliis 
case  the  atoms  of  the  compound  are  set  in  motion  aa  before. 
Those  of  ccppcr  accumulate  on  Ibe  surface  of  the  mould  ;  and 
at  last  the  coaling  will  atiain  such  thickness  that  it  can  be  re- 
moved, furni.sliing  an  exact  copy  of  the  original  medallion. 
Meannhile  the  atoms  of  SOf  have  found  at  the  positive 
pole  a  mass  of  copper,  with  whoso  atoms  they  have  combined; 
and  thus  fresh  sulphate  of  copper  has  been  formed,  and  the 
solution  replenished.  The  process  has  in  effect  consisted  in 
a  transfer  of  metal  from  the  copper  plate  to  the  mediiliion ; 
and,  by  using  appropriate  solvents,  silver  and  gold  can  be 
transferred  and  deposited  in  the  same  way. 

In  all  these  processes  of  electrolysis,  one  remarkable  fact  ba3 
been  observed,  which  has  a  very  important  bearing  on  the 
theory  of  the  battery.  If  in  any  given  circuit  ive  introduce  a 
number  of  decomposing  cells,  containing  acidula^d  water,  we 
find  that  in  a  given  time  exactly  the  same  amount  of  gas  is 
evolved  in  each  ;  thus  proving,  what  vre  have  thus  far  assumed, 
that  the  moving  power  is  absolutely  the  same  at  all  points  on 
the  circuit.  Moreover,  the  amount  of  gas  which  is  evolved 
from  such  a  decomposing  cell  in  the  unit  of  lime  is  an  ac- 
curate measure  of  the  strength  of  the  current  actually  flowing 
in  any  circuit,  and  this  mode  of  measuring  the  quantity  of  an 
electrical  current  is  constantly  used. 

We  should  infer  fi-om  the  facts  already  staled,  and  the  prin- 
ciple has  been  confirmed  by  the  most  careful  experiments,  that 
the  chemical  changes  which  may  take  place  at  different  points 
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of  the  same  closed  circuit  are  always  the  exact  equivalents  of 
each  other.  If,  for  example,  we  have  a  series  of  Grove's  cells, 
arranged  as  iu  Fig,  79,  and  interpose  in  the  extej-iiai  circuit 
two  decomposing  cells,  as  in  Figs.  8i  and  85,  we  shall  iind 
(provided  tliere  is  no  local  action)  ihat  th«  weight  of  zinc  dis~ 
solved  in  each  of  the  five  Grove's  cells  is  the  exact  chemical 
equivalent,  (2C)  not  only  of  the  weight  of  hydrogen  gas  eiolved 
from  the  first  decomposing  eeli,  but  al;0  of  the  u-ei;'lit  of  me- 
tallic copper  depasited  on  the  mould  in  the  second.  For  every 
63.4  grammes  of  copper  depoalled,  2  grammes  of  hydriigt-n  are 
evolved,  and  C5.2  grammes  of  zinc  are  disBolved  in  each  cell 
of  tiie  battery.  If  ihere  is  also  local  action  in  Ihs  cells,  the 
chemical  change  thus  induced  is  added  to  the  normal  effect  of 
the  battery-current. 

The  examples  which  have  been  given  are  sufficient  to  illus- 
trate the  remarkable  power  which  the  eleciric  current  possesses 
of  setting  in  motion  the  atoms  of  compound  bodies.  Innumer-. 
able  experiments  have  shown  tiiat,  in  reference  to  their  rela- 
tions to  the  current,  the  atoms, both  simple  and  compound,  may 
be  divided  into  two  great  classes;  firoi,  those  which  travel  on 
the  hue  of  the  circuit  in  the  direction  of  the  positive  current 
and  follow  in  the  lead  of  the  hydrogen  atoms  ;  and,  secondly, 
those  whiih  follow  the  lead  of  the  clilorine  atoms,  and  move  in 
the  opposite  direction  with  the  negative  current.  The  first 
class  of  atoms,  or  radicals,  we  call  positive  ;  and  the  second  t.la--s. 

The  oppo^ition  in  qualities  of  the  chemical  atom  nhiih  the 
study  of  these  electrical  phenomena  has  revealed  is  in  many 
cases  at  lea'it,  relative,  and  not  absolute.  For,  while  there  are 
some  atoms  which  always  manifest  the  same  charai-ier,  there 
are  others  which  appear  in  some  associations  positive,  and  ia 
other  associations  negative.  To  such  an  extent  is  thi<  true, 
that  the  electrical  relations  of  the  atoms  are  best  shown  by 
grouping  the  elements  in  series,  which  may  be  so  arranged  that 
each  member  of  the  series  shall  be  electro-positive  ^vhen  in 
combination  with  those  elements  which  follow  il,  and  electro- 
negative when  combined  with  those  which  precede  iL 

The  simple  mechanical  theory  of  electrical  currents  which 
has  been  prepcnted  in  this  chapter,  is  adequate  to  explain  the 
general  order  of  the  chemical  phenomena  with  which  we  are 
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more  immediafeJy  concerned  in  tiiis  work.  But  there  are  other 
clashes  of  electi-ical  phenomena,  of  which  this  theory,  at  least 
in  its  present  forin,  can  give  no  aecouiit,  and  wliich  have  always 
been  referred  to  the  presence  of  an  assumed  electneal  fluid, 
pervading  all  nature,  and  consisting  of  two  oppositely  polar- 
ized conditions  of  the  same  substance,  —  the  vitreous  and  resi- 
nous, or  positive  and  negative  electricities,  —  which,  when  sep- 
arated by  chemical  action,  by  friction,  or  in  other  ways,  constantly 
tend  to  flow  together  thi-ough  all  those  cliannels  wliich  we  call 
electrical  conductors.  It  is,  however,  the  tendency  of  modern 
science  to  refer  ail  physical  clianges  to  a  simple  mechanical 
cause,  and  although  tbe  phenomena  of  statical  electricity  are 
still  best  explained  on  tbe  fluid  hypothesis,  we  may  bope  that 
further  study  will  show  that  they  also  may  be  reconciled  with 
some  dynamical  theory.  It  is  possible  that  the  electrical  fluid, 
which  would  seem  to  appear  in  these  phenomena,  is  an 
"  eihereal "  atmosphere,  surrounding  the  atoms,  and  ibat 
through  this  medium  the  electrical  impulses  are  transmitted. 
(Compare  §02.) 


Questions  and  Problems. 
In  the  following  problems  the  values  C,  R  or  r  and  E  of  Ohm's 
formula  are  assumed  to  be  measured  in  terms  of  the  following  units. 
First.  The  'm«(  of  current  is  that  which  would  produce,  by  (he  elec- 
trolysis of  water,  1  cTiu.'  of  hydrOTen  and  oxygen  gas  (measured  un- 
der standard  conditions)  in  one  minute.  Secondly.  The  anil  of  re- 
sintance  is  thai  offered  by  a  pure  silver  or  copper  wire  1  m.  long, 
and  1  m.  m.  diameter  at  0°.'  Lastly,  the  unit  of  eleclTomotioe  force 
is  that  which  transmits  a  «nJ(  curreii  against  a  unit  resiilance  in  a 

1.  What  resistance  does  the  current  snlfer  in  an  iron  wire  50  me- 
tres long  and  5  m.  ra.  diameter  ?     Sp.  K.  of  iron  7. 

2.  Assuming  that  the  Sp.  R.  of  copper  is  ]  .3  and  that  of  iron  7, 
what  must  be  the  diameter  of  an  iron  wire  which  will  oppose  no 
greater  resistance  to  the  current  than  a  copper  wire  of  2  m.  m.  dia- 
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3.  It  ia  found  by  experiment  that  a  wire  of  German  silver,  7.201 
m.  long  and  1.5  ni.  m.  dlatneler,  opposes  the  same  rusistaoce  to  the 
current  as  a  wire  of  pure  silver  10  in.  long  and  ^  m.  m.  diameter. 
What  19  the  Sp.  R.  of  German  silver.  Ans.  12.5. 

4.  It  is  required  to  make  with  1S3.8  grammfs  of  pure  silver,  a 
ivire  which  will  offer  a  resistance  of  SI  units.  \ni:it  must  be  its 
length  and  diameter?     Sp.  Gr.  of  silver  =  10.57. 

Solution.  Kepresenling  bj-  x  the  length  in  mstren,  and  by  y  the 
diameter  in  milimetres,  we  deduce  by  [1]  y*  a;  -  10,57  ^  132.8  and 
by  the  laws  of  conduction  -^  :=  81.  Whence  i  =-  3fi  m.  and  y  = 
I  m.  m. 

5.  What  is  the  length  and  diameter  of  an  iron  wire  weighing 
97.38  grammes,  which  olfers  a  resistance  of  9,072  units?  It  is  known 
that  the  Sp.  Gr.  of  the  iron  =  7.75  and  its  Sp.  R.  =  7. 

Ans,  Length,  144  m.      Diameter,  ^  ra.  m. 

6.  Prom  a  g  n  w  f  which  the  re- 
sistance is  resp  d  R  uired  the  total 
resistance  whe  h  rr  pass  hrough  the  lour 
branches. 

Solution.  T      re  b        h  he  represented 

by  a  normal  aw  m  d       m  m  diameter.     If  wo 

call  the  area  of  a  transverse  section  of  this  wire  s,  then  the  resist- 
ance in  the  other  three  branches  will  be  representeil  by  normal  wires 
of  the  saiue  length,  but  having  on  the  cros  sections  the  areas  ^s, 
\s  and  \i  respectjvfly.  If  next  we  conceive  of  these  wires  aa 
merged  in  one,  having  the  common  length  10  m.  and  an  area  on  the 
section  equal  to  (1  -j-  ^  +  i  +  i)  ■'>  it  is  evident  that  such  a  wire 
will  represent  the  resistance  requii-ed.  Hence  we  easily  deduce, 
Ans.   4.8. 

7.  A  closed  circuit  has  two  branches  throiiah  which  the  current 
passes  simullaneously.  In  one  branch  r  =  100.  \Vliat  length  of 
copper  wire  5  m.  m.  diameter  must  be  used  for  (he  other  that  the 
totfU  r  =  60?  Ans.  2,500  metres. 

8.  A  conductor  has  two  branches,  one  having  r  ^  75G,  the  other 
so  adjusted  that  when  thu  current  passes  at  the  same  time  through 
both,  the  total  resistance  equals  540.  Required  the  length  of  a  Ger- 
man silver  wire  ^  m.  m.  diameter  and  Sp.  R.  -=  12.5,  which,  when 
inserted  in  the  adjuft«d  branch,  will  increase  the  Mai rfsistunceiofiSO. 

Solution.  By  principle  of  last  problem  we  easily  find  that  the 
resistance  in  the  adjusted  branch  before  insertion  equals  1,890,  and 
after  insertion,  3,J80.  The  difference  between  th.-se  values,  1,880, 
ia  the  resistance  due  to  the  inserted  wire.  Hence  its  length  must  be 
37.8  metres. 
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9.  We  bive  a  battery  of  six.  Daniella  cells,  in  each  of  which 
JE^47o,  if  =  15,  and  the  external  resiatanoe  against  which  the 
battery  in  to  work,  r  =  10.  The  cells  may  be  arranged,  1st,  as  six 
single  elements ;  2d,  as  three  double  elements ; '  3(1,  as  two  three-fold 
elements;  4th,  as  onesix-fold  element.  Required  the  current  strength 
in  each  case.  Ans.  28.5,  43,8,  47.5  and  38.0  resptttivelj.    ■ 

10.  We  have  a  battery  of  twelve  Grove  cells,  in  each  of  which 
E  =  830,  and  il  =18,  to  work  against  an  externa!  resistance  of 
r  =■  24.  Required  the  strength  of  current  when  the  cells  are  ar- 
ranged, 1st,  aa  twelve  single;  2J,  as  six  two-fold  ;  3 J,  as  four  three- 
fold; 4th,  as  three  four-fold ;  atb,  as  two  six.fulj,  and  Cth,  as  one 
twelve-lbid  element. 

Ans.  41.5,  G3.8,  69.2,  G0.4,  55.3,  and  32,5  respectively. 

11.  With  a  single  cell,  where  £  and  Ji  have  a  constant  value, 
what  is  the  maximum  strength  of  current,  and  under  what  condi- 
tions would  it  be  obtained  7 

Ans.  J,  when  the  external  resistance  is  nothing. 

12.  With  n  cells  in  each  of  which  E  ami  H  have  the  same  value, 
what  is  the  maximum  strength  of  current,  and  under  what  condi- 
tions would  it  be  obtained  V 

Ans.  n„,when  the  cells  are  arranged  as  one  n-fold  element, 
and  work  against  no  external  resistance. 

!3.  With  n  cells  as  above,  working  against  a  given  external  resist- 
ance r,  how  should  they  be  arranged  so  as  to  obtain  the  maximum 
value  of  C  ? 

Ans.  So  as  to  malte  the  internal  resistance  equal  to  that  of  the 
external  circuit. 

Solution.  If  I  represents  the  number  of  compound  elements  formed 
with  the  n  cells  when  C  in  Ohm's  formula  ia  a  maximum,  we  should 
evidently  have  under  this  condition  x  compound  elements,  each 
formed  of  -  cells.  The  electromotive  force  of  such  an  arrangement 
would  be  X  E.  The  internal  resistance  would  be  xR-^-=  —R 
(compare  problems  8  and  9),  and  the  strength  of  the  maximum 
current  required, 

1^  +  '- 

•  By  double  elements  is  meant  a  eroap  of  two  cells  couplefl  for  quantity 
({89)andequivalout  to  a  Inrge  cell  havin;  plala.i  of  twice  the  size.  Six 
double  element*  are  six  buoIi  groups  arriuigBd  for  iutensity.  Bud  the  other 
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The  first  inferential  coefKcient  of  this  function  of  x  when  C  is 
it  be  equal  to  zero.    Hence, 


OT  r^  -   Ji. 

That  is,  the  strength  of  the  current  is  at  its  maximum  when  the  in- 
t*mai  equals  the  exiernal  resistance,  as  staled  above.  Tliose  who 
are  not  familiar  with  the  elementary  principles  of  the  (JtfTiirenlial 
calculus  may  satisfy  themselves  of  the  truth  of  this  result  by  com- 
paring the  answeis  obtained  to  problems  S  and  9. 

14.  We  have,  in  the  first  plate,  for  a  tingle  cell  of  a  given  combi- 
nation working  against  a  feeble  resistance,  (he  value  C  ■^^  -f,  '  _; 
in  the  second  place,  for  n  cells  of  the  same  combination  woiking 
against  n  times  the  resistance,  1he  identical  value  C^=  ^rx" — ■  '" 
"slretiffth"  the  two  currents  are  equal,  but  are  they  identical? 

15.  In  a  given  cell  £  =  475;  if  =  15.  The  current  passca 
through  30  metres  pure  copper  wire  2  m.  m.  dlaineter.  It  is  re- 
quired to  arrange  8  cells  so  that  C  may  be  the  greatfst  possible. 

Ans.  They  sliould  be  arranged  as  two  four-fold  elements. 

16.  We  have  a  baltcry  of  four  Bunsen  cells  (E  —  800,  R  —  i 
each),  coupled  as  four  single  elements.  The  circuit  is  closed  through 
EOOgrammesof  pure  copper  wire.  Required  the  greatest  strength 
of  current,  and  the  dimensions  of  the  wire  that  this  maximum  may 
be  obtained. 

17.  A  simple  Voltaic  cell,  whose  electromotive  force  F  is  known, 
working  ^iiinst  an  unknown  total  resistance  G'  (both  external  and 
internal),  produces  a  given  effect  upon  »  galvanometer.  Another 
cell  difierently  constructed,  working  against  a  total  resistance  E", 
also  unknown,  produces  the  same  effect  upon  the  galvanometer.  It 
is  also  obscrveil  tliat  a  measured  length  I  of  normal  copper  wire,  in- 
Eerled  in  the  first  circuit,  produces  on  the  galvanometer  the  same 
difference  of  effect  m  a  length  f  inserted  in  the  second  circuit. 
Required  the  electromotive  force  E"  of  the  second  cell. 

Solution.  We  easily  deduce  from  Ohm's  formula  the  two  equations 


^r 


oy  Google 


ELECTRICAL  EELATIOXS  OF  THE  ATOirs.  173 

13.  In  order  U>  determine  tlie  electromotive  force  of  a  Riinsen's 
cell,  it  was  compared,  as  in  last  problem,  witli  a  DaiiieH'a  cell  whose 
electromotive  force  was  known  to  be  4r0.  After  adjusting  the  ex- 
ternal resistances  so  that  both  proiluced  the  same  effect  upon  the 
galvanometer,  it  was  found  that  the  insertion  of  5.6  in,  of  copper 
wire  into  the  first  clreuic  cause<l  the  same  change  in  the  instrument 
aathe  insertion  of  3.29  metres  of  the  same  wire  in  the  circuit  of  the 
Banielld  celL     What  was  the  eleetroniotive  force  sought? 

Ana.  800. 

19.  A  battery  of  40  Bunsen's  cells  remains  closed  Ibr  an  hour,  and 
during  that  time  furnishes  a  eun-eiit  whose  strength  C  =-  SO.  [low 
much  zinc  will  be  consumed  in  this  time,  assuming  tliat  there  is 
no  local  action  ? 

Solution.  Siii;h  «  current  would  produce,  by  the  electrolyaie  of 
water,  30  iTm.*  of  gas  in  one  minute,  or  1.8  litres  in  one  hour.  Of 
this  gfts  1.2  litres  or  1.2  critha  would  be  hyJrogen.  The  cbemieal 
equivalent  or  zinc  belnir  32  6  the  amount  of  zinc  dissolved  in  each 
cell  must  be  1.2  X  3  b  =>  39  i  hs,  and  in  the  forty  cella 
1&G4.8  criths,  equal  to  140  gramme      be  answer  retjuii'od. 

20.  In  an  electrotype  a  para  a  F  85,  Ifl.SG  grammes  of  cop- 
per were  deposiltid  on  e  n  ^  e  mould  in  24  hours.  What  was 
the  strength  of  current  ?  Ans.  G  units. 

21.  In  an  electrotype  app  a  s  he  electromotive  force  of  the 
single  cell  employed  is  420,  and  the  mternal  resistance  5.  T!ie  ex.- 
temal  resistance,  including  decomposing  cell,  is  0.2o.  IIow  much 
copper  will  bj  deposited  on  the  negative  mould  in  one  hour,  and 
how  much  zinc  will  be  dissolved  in  the  battery  during  llie  same 
time  ?         Ans.  9.088  grammes  copper  and  0.34Ggrammfs  of  zinc. 

22.  Tliirty-two  Grove  cells  (E  =  330,  Ji  =.  20  each)  are  con- 
nected as  4  eighi-fblil  compounil  elements  and  the  current  employed 
to  work  an  electro-silvering  apparatus,  in  which  the  total  resistanee 
esternal  to  the  battery  was  equivalent  to  10.  Required  the  number 
of  grammes  of  silver  deposited  each  hour,  and  the  number  of  grammes 
oi'ziuc  dissolved  during  the  same  time  in  the  battery. 

Aua.  G4.24  grammes  of  silver  and  77.5G  grammes  of  zinc. 

23.  Assuming  that  the  external  resistance  cannot  he  chained, 
could  the  same  number  of  cells  of  the  ball*ry  described  in  last 
problem  he  so  arranged  as  to  deposit  more  silver  in  the  same  time  'i 

Ans.  They  could  not. 

Could  they  be  so  arranged  as  fo  deposit  the  same  amount  of  silver 
with  less  expense  of  zinc  ?  What  would  be  the  most  economical  ar- 
rangement, and  under  these  conditions  how  much  silver  would  be 
deposited  in  one  hour  and  how  much  zinc  disfolved? 

Answer  to  last  question,  30,2a  grammes  silver,  and  9.13  grammes 
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OF   THE   ATOMS    TO   LIGHT. 

92  Light  a  Mode  of  Atomic  Motion,  —  It  has  already  been 
intimated  (§  61,  nolc),  that  the  pbenomena  of  vi-ion  are  the 
effecta  of  an  otomic  motion  Iran-mitted  from  "ome  luminous 
IkkIj  to  the  eye  ihiougli  contmuou-  hues  of  maleii  il  pailicle  , 
and  fcuch  hnes  we  call  rajs  of  Jight  This  motion  may  origi- 
nate with  the  atoms  of  taiious  substances;  but  m  order  to 
explain  its  tran-mi-.'.ion,  wc  aie  obliged  to  assume  ihe  exi-lence 
of  a  medium  filling  all  space,  of  extreme  tenuity,  and  yet 
having  an  elasiicity  sufficiently  great  lo  transmit  the  luminous 
pul-itions  iMlh  the  inciedible  velocity  of  18G.000  miles  in  a 
second  of  time  Thi-  mndium  we  call  the  ether,  bat  ot  its 
exi-tcnce  ne  ha\e  no  dcfini'e  knowledge  except  thit  obtamed 
through  the  phenomi  na  of  bght  tliem-elves,  and  ihe-e  nquire 
assumption'  in  reg  ird  to  the  con-tilution  of  the  ethereal  medium 
which  are  not  nalized  e\en  appi-oximalely  m  the  ordinary 
forms  of  milter  for  while  the  a>-umcd  medium  must  be 
vatlyless  dense  than  Indro^en,  its  eli-ticity  muat  surpisa  that 
of  steel 

Aceoidmg  to  the  unduKlorj  theory  motion  is  tno  milled 
fiom  pirlide  to  particle  along  the  line  of  each  luminous  wive 
very  much  in  the  same  w  »j  that  it  pa-^es  along  the  line  of 
ivory  balls  in  the  well-known  expenment  of  mechanics  The 
ethereal  atoms  are  thus  thrown  into  waves  i"*d  the  oider  of 
the  phenomena  is  i-imiJir  lo  that  with  whieh  all  aie  familiar 
in  the  grosser  forms  of  waie  motion  But  in  this  connection 
we  have  no  octasion  to  dv\eU  on  Ihe  mechanical  conditions 
attend  ng  the  transmission  of  the  motion  The  motion  itself 
may  bp  best  conceived  ta  an  oscillation  of  each  ether  particle 
in  1  plane  perpendicular   to    the   direction    ot    the   raj,  not 
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nece«=aii]y,  however,  in  a  straight  line;  for  the  orbit  of  the 
osLiHating  molecule  may  be  eitber  a  stralglit  line,  an  ellipse,  or  a 
cucle,  a-,  tiie  case  may  be.  Such  oseilliitions  may  evidently 
differ  both  as  regards  their  amplitude  and  their  dui-aiion,  and 
on  these  fundamental  elements  depend  two  important  difl 
in  the  efFeet  of  the  motion  on  the  organs  of  vision,  viz.  ii 
and  quality,  or  brilliancy  and  color. 

If  our  iht-ory  is  correct,  it  is  obvious  that  the  intensity  of 
the  luminous  impi'ession  must  depend  upon  the  force  of  the 
atomic  blows  which  are  transmitted  to  the  optic  nerves,  and  it 
is  a!=o  evident  that  this  force  must  be  proportional  to  the 
square  of  llie  velocity  of  the  oscillating  atoms,  or  what  amounts 
to  the  same  thing,  to  the  square  of  the  amplitude  of  the 
oscillation ;  assuming,  of  eourije,  that  the  oscillations  are 
isoi-hronous. 

The  connection  of  color  with  the  time  of  oscillalion  is  not  so 
obvious,  and  why  it  is  that  the  waves  of  ether  beating  with 
gi-eater  or  less  rapidity  on  llie  retina  should  produce  such 
aensationa  as  tho?e  of  violet,  blue,  yellow,  or  red,  the  physiologist 
is  wholly  unable  to  explain.  We  have,  however,  an  analogolis 
phenomenon  in  sound,  for  musical  notes  are  simply  the  effects  of 
waves  of  air  beating  in  a  similar  w  « j  on  the  au  litory  nerves , 
and,  as  is  well  known,  the  greiter  the  fiequency  of  the  heat's, 
or,  m  othtT  words,  the  more  rapid  the  oscillmons  of  the 
aerial  moleculei,  the  higher  is  the  pitch  of  the  note  Red 
color  corresponds  to  Io«,  and  violet  to  high  no  ea  ot  mu-ic, 
and,  the  gi-adations  of  color  between  these  extreme',  pasamg 
through  \uriou^  shades  ot  ormjie  jelloH,  gretn,  blue,  and 
indigo,  cone-pond  to  the  well  known  gradations  of  musieil 
pitch 

From  well-e-tablished  d'lla  we  are  able  to  cikuhte  the 
rapidity  of  tht.  oscillations  which  produce  t!ie  diffireiit  -len-a 
tiona  of  color,  and  also  to  estimate  the  coirespondmg  lengths 
of  the  ether  waves,  and  the  following  tihle  contains  the 
results  It  mu=t  be  underslotid,  howeier,  that  these  numbeis 
merely  correspond  lo  a  fen  'htdes  of  color  definitely  markel 
on  the  solar  spectrum  by  certain  d  irk  lines  hereaftei  to  be  men- 
tioned ,  and  tbat  equally  dehniie  viluts  mij  he  a'--igned  to 
the  infinite  numbei  of  intttmediate  shtles  whuh  inleivene 
befweea  the=e  aibitrary  subdivisions  of  the  chromatic  scale 
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93.  Natural  Cohrs.  —  II  fullow.i,  as  a  necessary  cnnsequencB 
of  [he  funJamenial  Liws  of  meiitiaiiica,  tiiiit  an  oscilUitiiig  mole- 
cule can  only  transniit  to  ils  tieiglibur  molion  wliich  h  isochronous 
with  iu  own  Ilencc  a  single  ray  of  light  can  only  pi-oduce  a  def- 
inite effoct  of  color  and  lliis  quality  ot  the  laj  will  be  pieseiied 
liowever  (ai  the  motion  miy  travel  A  htam  ol  h^jht  is  simply 
a  buidle  of  ny>  and  if  the  motion  h  i  ocliionous  m  all  its 
parts,  that  ii  if  ihe  beim  consists  only  of  njs  of  one  shade  of 
coloi  sutii  a  bf-am  will  pro  luce  (he  --implpst  chiomitic  --ensa- 
iion  posiible,  —  ihat  ol  a  pure  color  II,  lio»e\(],  Iht  benm 
conlaiLis  taya  of  diH  lent  colors,  we  shall  ha^e  a  mort,  complex 
eff  ct,  and  the  infinite  \  ariety  of  natural  tints  ire  thm  prodiiLcd. 
'Wlii'Ji,  laitl),  the  beam  contains  ray-  of  all  the  colors  mingled 
in  dun  proportion,  we  receive  an  impres-ion  in  wh  ch  no  aiu'le 
color  predom  in  lifts,  and  this  we  call  white  light. 

The  colors  of  natural  objfcts  whether  inherenl  or  imparted 
by  varlou^  djes  are  simply  eff  ct'!  upon  the  lelina  produwd  by 
the  beim  after  it  has  been  reflected  fiom  the  eurfiee  or  tnns- 
mitled  thiough  the  misi  of  the  boilj  and  the  petuh  ir  chromitic 
effects  are  due  to  the  unequal  proportions  in  which  ihe  dif- 
ferent co'ored  rays  are  thus  absorbed  The  color  reflected,  and 
that  absorbed  or  transmitted,  are  always  complementaiy  to 
each  other,  and  if  mingled  they  would  leproduce  while  II  is 
obvious  moreover,  that  no  beam  of  bght,  however  modified  by 
reflection  or  trin-miision,  could  produce  the  oensalion  of  a 
given  color,  it  it  did  not  contain  from  (he  first  the  correspond- 
ing colored  tays  Hpnce  it  is  that  the  colors  ot  objecls  only 
appeir  naturally  by  dajlight,  and  when  illuminated  l:j  a 
monochromatic  light,  all  colors  blend  in  that  of  this  one  pure 
tint 

94  Chromtitie  Spectra  and  Spectrosropes  — TVTien  abeam 
of  light  IS  p  lased  through  i  gh-a  prism  placed  as  shown  in  Fig 
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86,  it  is  not  only  refracted,  that  is,  bent  from  its  original  rectilinear 
course,  but  the  colored  rays  of  which  the  beam  cons>isti,  being 
bent  UDequully,  are  separated  to  a  greater  or  leas  extent,  and  fall- 
ing on  a  screen  produce  an  elongated  image  colored  with  a  suc- 
cession of  blending  tints,  which  we  call  the  spectrum.  The  red 
rays,  which  are  bent  the  least,  are  said  to  be  the  kast  refran- 
gible, while  tJie  violet  rays  are  the  most  refrangihle,  and  inter- 
mediate between  these  we  have,  in  the  order  of  refrangibility, 
the  various  tints  of  orange,  yellow,  green,  blue,  and  indigo. 
Thus  a  prism  gives  an  easy  means  of  analyzing  a  beam  of 
light,  and  of  discovering  the  character  of  tiie  rays  by  which  a 
given  chromatic  effect  is  produced.  Such  observations  are 
very  greatly  facilitated  by  a  class  of  instruments  called  spectro- 
scopes, and  Figs.  87  and  90  will  illustrate  the  principles  of 
tlieir  construction. 

In  the  very  powerful  instrument  first  represenled,  the  beam 
of  light  is  passed  in  succession  through  nine  prisms  (each 
having  an  angle  of  45°),  and  the  extreme  rays  are  thus  widely 
separated,  while  (he  beam  itself  is  bent  around  nearly  a  whole 
circumference.  Tlie  only  other  essential  parts  of  the  instru- 
ment are  the  collimator  A  and  the  telescope  B.  The  light  first 
enters  the  collimator  through  a  narrow  slit,  and  liaving  passed 
through  the  prisms  is  received  by  the  telescope.  The  tele- 
scope is  adjusted  as  it  would  be  for  viewing  distant  objects, 
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and  a  leni  at    1  e  end  of  tha  eoH  mttor  ser  es  to  render  ll  e 
rays  divar},  ng  trom  the  si  t  parallel    so  that  %  hen  the  two 


-^^ 


'41 


tubes  are    n   1  ne    one   sees   fl  rough  tl  e  lele  coj  e  •>  m 
nifled  image  oi  tie  &ht   just  as  tf  the  abt  nere     t  a  gre 


distance.     In  like  manner  when  the  telescopes  are  placed  aa 
in  Fig.  88,  and  when  the  light  before  raachiug  the  telescope 
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pi.  ca  th  oug!  the  whole  eer  es  of  pr  sms,  we  still  see  a  single 
i  tin  te  m  „e  he  eve  the  si  t  a  illuminaled  by  a  pure 
mono  h  oma  c  1  j,ht  JIo  e  ver  Y  i  image  has  a  definite 
po  t  o  1  e  field  of  h   1    when  the  instrument  is 

e  n  1  rly  adjusted  depends  solely  on  the  refrangibility  of  the 
hglt 

Thus  f  e  pla  e  n  front  of  the  b!  t  a  sodium  flame,  which 
em  ta  a  p  r  y  How  I  ^h  ve  e  a  ngle  yellow  imiige  of  this 
Jo  g  ud  nal  ofon  ng  a.  F  g  89  Xa.  If  we  u=e  a  liihium 
fl  me  e  i>Le  a  s  lar  mage  but  colored  red,  and  at  «omo 
1  tance  from  the  fi  t  to  tl  e  left  f  the  parts  of  our  m- 
rumeiK  are  d  po  ed  as  n  F  g  88  If  no  u-e  a  thalium 
fl  ne  e  n  i  ke  n  nner  see  a  b  ngle  im^ge,  but  colored 
"reen  nd  f  11  ng  con  lerably  to  the  right  of  both  of  the 
o  1  r  t  o  If  no  V  ve  llun  na  the  elit  by  the  three 
flam  n  uhaneou  ly  e  see  all  three  image>  at  once  m  the 
ame  rcl  ve  po  on  a  befo-e  So  also  il  «e  e-itimme  iha 
Thfl      ond  raago  shown  m  F  g  89  L  13  not  ordiaarilj  seen 
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flame  of  a  metal,  which  emiU  rays  of  several  definite  degrees 
of  refrangibihty,  we  see  an  eiiiial  number  of  definite  images 
of  tlie  slit.  If,  next,  we  illuminate  the  slit  witli  sunlight, 
which  contains  rays  of  all  degrees  of  refnmgibility,  we  see  an 
infinite  number  of  images  of  the  siil  spread  out  along  the  field 
of  view,  and  these,  overlapping  each  other,  form  that  continuous 
band  of  blending  colors  which  we  call  the  solar  spectrum.  If, 
lastly,  we  examine  with  our  instrument  the  hglit  reflected  from 
a  colored  surface,  or  transmitted  through  a  colored  medium, 
we  ali^o  fee  a  band  of  blending  colors,  but  at  the  same  time  we 
observe  that  certain  portions  of  the  normal  solar  spectrum  are 
either  wholly  wanting  or  greatly  obscured. 

With  a  spectroscope  of  many  prisms  like  the  one  represented 
by  Fig.  87,  we  can  only  see  a  small  portion  of  the  spectrum  at 
once.  By  moving  the  telescope,  which,  fastened  to  a  metallic 
arm,  revolves  around  the  axis  of  the  instrument,  different 
portions  of  the  spectrum  maybe  brought  into  the  field  of  view  ; 
while  a  vernier,  attached  to  the  same  arm  and  moving  over  a 
graduated  arc,  enables  us  to  fix  the  position  of  the  spectrum 
lines,  as  the  images  of  the  elit  are  usually  called.  The  other 
mechanical  details  shown  in  the  figure  are  required  in  order 
to  adjust  the  various  parts  of  the  instrument,  and  especially  in 
order  lo  bring  the  prisms  to  what  is  termed  the  angle  of 
mininium  deviation.  But  an  instrument  of  this  magnitude  and 
power  is  not  required  for  the  ordinary  applications  of  the 
spectroscope  in  chemistry.  For  this  purpose  a  small  instru- 
ment consisting  of  a  collimator,  a  single  prism,  and  a  telescope, 
all  in  a  fixed  position,  are  amply  sufficienl.  In  the  field  of  such 
a  spectroscope  the  whole  spectrum  may  be  seen  at  once  ;  and 
the  position  of  the  spectrum  lines  is  very  easily  determined  by 
means  of  a  phott^raphic  scale  placed  at  one  side,  and  seen  by 
light  reflected  into  the  telescope  from  the  face  of  the  prism. 

The  various  parts  of  the  instrument,  as  arranged  for  ob- 
sen-ation.  are  shown  in  Fig.  90.  A  is  the  collimator,  P  the 
prism,  and  B  the  telescope.  The  tube  C  carries  the  photo- 
graphic scale,  and  has  at  the  end  nearest  to  the  prism  a 
lens  of  such  focal  length  that  the  image  both  of  tbe  slit  and 
the  scale  may  be  seen  through  the  telescope  at  the  same  time, 
the  one  appearing  projected  upon  the  other.  The  screw  e 
serves  to  adjust  the  width  of  the  slit.    Moreover,  one  half  of  the 
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length  of  the  slit  is  Qovereii  by  a  small  gla?8  prism  s 
Ihat  it  reflects  inio  the  collimator  tube  the  rays  from  a  lamp 
placed  on  one  side.  Thus  the  two  hulvea  of  the  slit  may  be 
illuminated  independently  by  light  from  different  sources,  and 
the  two  spectra,  which  are  then  seen  superimposed  upon  each 
other  (see  Fig."  91),  exactly  compared.  The  various  screws, 
which  appear  in  Fig.  90,  are  used  for  adjusting  tlie  different 
parts  of  the  instrument 

95,  Spectrum  Analysis.  —  The  atoms  of  the  different  chem- 
ical elemenls,  when  rendered  luminous  under  certain  dcflnite 
conditions,  always  emit  light  whose  color  ia  more  or  less 
characteristic,  and  which,  when  analyzed  with  the  spectroscope, 
exhibit  spectra  similar  to  those  which  are  represented  in  Fig, 
89,  so  far  as  is  possible  without  the  aid  of  color.  Sometimes 
we  see  only  a  single  line  in  a  definite  position,  as  in  (he  case 
of  Na,  Li,  and  Th,  already  referred  to.  At  oilier  times 
there  are  several  such  lines  ;  and,  still,  more  frequently,  fo 
these  lines  (or  definite  images  of  the  slit)  there  are  super- 
added more  or  less  extended  portions  of  a  continuous  spectrum. 
Moreover,  not  only  is  the  general  aspect  of  each  spectrum 
exceedingly  characteristic,  but  also  the  occurrence  of  ita 
peculiar  lines  ia,  so  far  as  we  know,  an  absolute  proof  of  the 
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presence  of  a  given  element,  and  tliese  lines  may  be  readily 
recognized  by  their  position,  even  when  the  character  of  the 
Bpectrum  is  otherwise  obscure.  It  is  evident  ihen  that  we 
have  here  a,  principle  which  admits  of  most  important  ap- 
plications in  chemical  analysis,  and  it  only  remains  to  con- 
eider  under  what  conditions  the  elementaiy  atoms  emit  their 
characteristic  light. 

J'irst  All  bodies  when  intensely  heated  are  rendered  lumi- 
nous, and,  other  tilings  being  equal,  the  higher  the  temperature 
the  more  intense  is  the  light.  The  biiiliancyof  the  light 
emitted  at  ihe  same  temperature  by  djffefent  bodies  varies 
very  greatly,  the  densest  bodies  being,  as  a  general  rule,  the 
most  intensely  luminous 

Secondly.  —  Solid  and  lii^uid  bodies,  if  opaque,  emit  when 
ignited  white  light,  or  at  lea-t  light  which  shows  with  the  spec- 
troscope a  continuous  spectrum  more  or  less  extended.  At  a 
red  heat  (he  light  from  such  bodies  consists  chiefly  of  red  rays, 
but  as  the  temperature  n-es  first  to  a  white  dud  then  to  a  blue 
heat,  the  more  refrangible  ra}s  become  more  abundant  and 
Snally  predominate. 

Thirdly.  —  The  elementary  substances  give  out  their  pecu- 
liar and  characteristic  light  only  in  the  state  of  gas  or  vapor. 
Heliee,  when  We  examine  with  a  spectroscope  a  source  of  light, 
we  may  infer  that  a  continuous  spectrum  mdicates  the  presence 
of  solid  or  liquid  bodies,  while  a  discontinuous  spectrum,  with 
definite  lines  or  images  of  the  slit,  indicates  the  presence  of 
gases  and  vapors ;  and  in  the  last  case  we  can,  as  has  been  seen, 
infer  from  the  position  of  the  lines  the  nature  of  the  luminous 
atoms.  It  would  seem,  however,  from  recent  investigations, 
that  under  certain  conditions  even  a  ga?!  may  show  a  eontinu- 
-  ous  spectrum,  and  there  ate  other  seeming  exceptions  which 
adtnonis-h  us  tliat  the  general  principles  just  stated  should  be 
applied  with  caution. 

Fourthly.  —  At  the  very  high  temperatures  at  which  alone 
gases  or  vapors  become  luminous,  compound  bodie-,  as  a  rule, 
appear  lo  be  decomposed,  and  the  elementary  atoms  di=8--o- 
eiated.  Hence  the  observations  with  the  spectroscope  have 
been  almost  entirely  confined  to  the  spectra  of  the  elementary 
substances,  and  our  knowledge  of  the  spectra  of  compound  aub- 
Btances  is  exceedingly  limited.     In  some  few  case^  where  tlie 
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Bpectriim  of  a  compound  has  been  obtiine  1  it  has  1  een  notiof  d 
that,  as  the  temperature  n  e=  th  s  speelr  m  s  suddenly  re 
solved  into  the  separate  spectra  ol  the  elements  nl  ^thich  the 
comj  ound  consi  1 

F  ftfly  —  At  a  Ii  (fh  temperature  the  nietall  c  atoms  of  a 
compound  bo  Ij  are  far  more  lum  nou  tl  an  liio  e  of  the  other 
elementary  atoms  with  wl  icli  ihey  are  as  oeiaied  Hence 
when  tt  e  ^apor  of  a  metallic  compound  is  rendcrel  luminous 
the  1  ht  e  nittcd  is  so  exclusively  that  of  the  melall  c  atoms 
disassociated  by  tlie  heat  tlat  nhen  e'tamined  nilh  the  spec 
trofcope  the  «[  ecti  um  of  the  metal  is  ilone  sf en  and  tl  l.  is 
the  prob  ibte  exp  an  ition  ot  the  fad  that  the  b  ills  of  the  same 
metal  when  Ireatel  as  will  be  descr  bed  Jn  th  next  para 
gr^ph  d.il  bhow  aa  a  general  rule  the  same  spectrum  as  the 
metal  itself 

Lisily  -—The  'tubstance  oit  which  we  wi  h  lo  exper  ment 
maj  be  rendered  I  mmous  m  =e^eral  wrf\=  If  the  subst-ince 
18  a  \  htle  metallc  salt  the  timplest  metlol  w  to  expose  a 
bead  of  the  substance  (  upporied  on  i  loop  of  plat  nmn  wire) 
lo  the  flame  of  a  Bunsen  s  burnei  (F  g  JO)  which  by  itself 
bums  BJtIi  a  nearlj  non  luminous  flame  The  flime  soon  be 
comes  filled  with  the  di  a^socaled  atoms  of  the  metil  and 
Bhmes  with  their  petui  ar  1  g!  I 

In  Older  tostid}  the  speclri  i  tl  p  le  s  i oht  le  metals  hke 
alum  n  im  iron  or  n  ckel  we  u  e  tw  o  t  eedlei  Df  the  metil  a  id 
pass  between  the  po  nt  when  about  one  fturih  of  an  inch 
apart  the  electric  discharges  of  a  powerful  Ruhmkorff  coil 
condensed  by  a  la  ge  Lejdtn  j'jr  Tie  metal  is  \olatihzed 
by  the  1  eat  of  the  electr  c  current  and  the  "pace  between  the 
points  becomes  filled  niih  the  ntensely  ignited  \apor  wh  oh 
then  sh  nes  with  it    chiracteri  tic  light    ^ 

In  1  similar  way  we  can  experiment  on  (he  permanent  gawes 
and  lis!  t  r  vapors  enclosing  them  in  a  glass  tube  with  plali 
num  electrodes  and  before  seal  ng  the  lube  reducing  the  ten 
sion  with  an  air  pump  when  the  dschargemll  pass  through 
a  lengtl  of  several  inches  of  the  attenuate  1  ga  Tie  light 
then  emitted  comes  from  the  atoms  or  molecule  of  the  ga  ,  and 
where  the  electric  current  la  condensed  as  in  the  cap  llary  por 

I  An  electr  o  spark       n  every  case  merelj  ii  lino  of  m    a   at  part  clfl    cc 
dered  liuuiuaus  bj  tlie  current 
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tion  of  the  tubes  constructed  for  this  purpose,  tlie  light  is  suf- 
ficiently intense  to  be  anulyzed  with  the  spectroBcnpe. 

Tlie  three  different  modes  of  experimenting  just  described  do 
not  by  any  means  always  give  the  same  spectrum  when  ap- 
plied to  the  same  chemical  element.  It  constantly  Iiappens 
tliat  as  the  temperature  rises  new  lines  appear,  whicli  are  usu- 
ally those  CO ri-es ponding  to  the  more  refrangible  rays,  and  at 
the  very  high  temperaiures  generated  by  the  electric  discharge 
many  of  the  spectra  change  their  whole  aspect.  The  ill-defined 
broad  bands  or  luminous  spaces  which  are  so  conspicuous  at  a 
low  lemperatui'e  (see  Fig.  89),  disappear,  and  are  replaced  by 
a  greater  or  less  number  of  definite  spectrum  Hues.  Gen- 
erally, however,  the  characteristic  lines  which  mark  the  ele- 
ment at  the  lower  temperature  are  seen  also  at  the  higher ;  but 
sometimes  there  is  a  sudden  and  complete  change  of  the  whole 
spectrum.  The  cause  of  iheae  differences  is  not  understood, 
but  it  has  been  thought  by  some  investigators  that  tbp  normal 
spectra  of  the  elementary  atoms  consist  of  bright  bands  alone, 
and  that  the  more  or  less  continuous  spectra,  which  are  al^o 
seen  at  the  lower  temperatures,  are  to  be  referred  to  the  im- 
perfect di-association  of  the  atoms,  whose  mutual  attractions 
or  partial  combinations  produce  a  state  of  aggregation  ap- 
proaching the  condition  which  determines  the  continuous  spec- 
tra of  liquid  or  solid  bodic, 

96.  Delicacy  of  ike  Method.  —  Having  now  staled  the 
general  principles  of  spectrum  analysis,  and  the  conditions 
under  which  these  principles  may  be  applied,  it  need  only  be 
added  that  Ihe  method  is  one  of  extreme  delicacy-  It  enables 
us  to  delect  wonderfully  minute  quantities  of  many  of  the 
metallic  elements  and  has  already  led  to  (he  diseoveiy  of  four 
elements  of  this  class  which  had  eluded  all  methods  of  investi- 
gation previously  employed.  The  names  of  these  element". 
Rubidium,  Cae-ium,  Thallium  and  Indium,  all  refer  to  the 
color  of  their  most  characteristic  spectrum  bands.' 

97.  Solar  and  SteUar  Chemhlry.  —  When  a  beam  of  sun- 
light is  examined  with  a  powerful  spectroscope,  the  solar 
spectrum  is  seen  to  be  crossed  by  an  almost  countless  number 
of  dark  lines  distributed  with  no  apparent  regularity,  and  dif- 

1  The  different  bands  of  the  same  element  are  usually  aistinguished  by 
Greek  letters,  following  the  order  of  relative  brillianoy. 
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f  nn^  \ervgreiih  m  relative  strpn^th  or  int'-nsLtj  The>>0 
lines  Btre  iirtit  aLCUiately  described  by  tlie  Ui  rm  in  opin,iAn 
Fraunbolei  and  bwe  since  been  knoiin  as  the  liaunhofcr 
line*  A  few  of  the  most  prominent  of  these  lines  ire  shown 
in  Fig  89,  wilh  the  letters  of  the  ulphabet  by  nhitii  thej  iie 
designated  These  hnes,  hke  the  biight  hncf  ot  the  elements, 
correspond  m  every  la  e  lo  a  definite  degree  ot  refnin^ibihty, 
and  therefore  have  i  hxeJ  position  on  tht  stale  of  the  «[  eclro- 
scope.  Moreover,  what  is  very  remarkable,  the  bright  and 
the  dark  lines  liave  io  several  cases  absolutely  the  same 
position. 

It  h  easy  to  construct  the  spectroscope  so  lliat  the  two  halves 
of  tles.lt  mij  be  illuminate  I  from  d  fferent  sources.  If  then 
■we  adm  t  1  beam  of  '.unhgl  t  through  one  h  ill  and  the  light 
of  a  sodium  flame  through  the  other  half  we  siia  1  h  ive  the 
two  spectra  superimposed  la  the  same  field,  as  m   1  ig.  91, 


and  it  will  be  seen  that  the  two  parts  of  the  sodium  band, 
which  appears  as  a  double  line  under  a  high  power,  coincide 
absolutely  in  position  with  the  double  dark  line  D  in  the 
solar  spectrum.  But  a  stiU  more  striking  coincidence  has 
been  observed  in  the  case  of  iron,  for  the  eiglity  well-marked 
bright  lines  in  the  spectrum  of  this  metal  correspond  absolutely 
both  in  position  and  in  strength  with  eighty  of  the  dark  lines 
of  the  solar  spectrum.  Now,  the  chances  that  such  coinci- 
dences are  the  reiult  of  accident,  are  not  one  in  one  billion 
billion ;  and  we  are  therefore  compelled  to  believe  that  the 
two  phenomena  must  be  connected.  A  simple  experiment 
ehows  what  the  relation  probably  is. 

If  we  [ilnce  before  the  spectroscope  a  sodium  flame,  we  see, 
of  course,  the  familiar  double  line.     If  now  we  place  behind 
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Ihe  sodium  flame  a  candle  flame,  eo  that  thp  candle  il  o  shines 
into  the  slit,  but  only  through  the  sodium  flame  vm  '.hall  see 
the  same  bright  lines  projected  upon  the  eonlinuoui  epcclrura 
of  the  caudle.  Ji',  however,  we  put  jn  place  of  the  cnndle  an 
electric  light,  we  shall  find  that  while  the  continuous  spectrum 
is  now  far  more  brilliant  than  before,  the  sodium  imf*  appear 
black.  The  pxplanation  of  thi  singular  phenomenoi  is  to  be 
found  in  a  principle,  now  well  eslabliahed  both  tbejretically 
and  ex  pen  mentally,  ihat  a  mats  of  luminous  vapor,  while  other- 
wise transparent,  powerfully  absorbs  rays  of  the  same  relrangi- 
bility  which  it  emits  itself.  Hence,  in  our  experiment,  the 
very  small  portion  of  the  spectrum  covered  by  the  sodium  line 
is  illuminated  by  Ihe  sodium  flame  alone,  while  all  the  rest  of 
the  spectrum  is  illuminated  from  the  souri'e  behind,  and  the 
effect  is  merely  one  of  contrast,  the  sodium  lines  appearing 
light  or  dark  according  as  ihey  are  brighter  or  darker  than  the 
contiguous  portions  of  the  spectrum. 

In  a  simiUr  nay  the  bright  lines  of  a  few  other  elements 
have  been  inverted,  and  these  experiraenta  would  lead  us  to 
infer  that  the  Fraunhofer  bnes  themselves  are  formed  by  a 
brilliant  photosphere  shining  through  a  mass  of  less  Inminous 
gas.  In  other  words,  it  would  appear  that  the  sun's  luminous 
orb  is  surrounded  by  an  immense  atmosphere  which  intercepts 
a  portion  of  hi«  rays,  and  that  we  see  as  dark  lines  what  would 
probttbly  appear  as  bright  bands,  eotlld  «e  esHmine  the  light 
from  llie  alino-phere  alone. 

If  then  our  generalization  is  safe,  the  dark  and  the  bright 
lines  are  the  samp  phenomena  seen  under  a  different  aspect, 
and  the  one  as  well  as  the  other  may  be  used  to  identify  Ihe 
different  cliemical  elements.  Hence,  then,  there  must  be  both 
iron  and  sodium  in  the  sun's  atmosphere,  and  for  the  same 
reason  we  conclude  that  our  luminary  must  contain  Hydrogen, 
Calcium,  Magnesium,  Nickel,  Chromium,  Barium,  Copper,  and 
Zinc,  while  there  is  equally  good  evidence  ihat  Gold,  Silver,  Mer- 
cury, Cadmium,  Tin,  Lead,  Antimony,  Arsenic,  Strontium,  and 
Lithium  are  not  present,  at  least  in  large  quantities.  It  is  true, 
however,  that  the  elements  Ihus  recognized  in  the  sun  only 
account  for  a  very  insignificant  portion  of  the  dark  lines,  and 
it  is  difficult  to  reconcile  this  fact  wilh  our  actual  knowledge 
and  present  theoiies.     Since  the  meteorites  have  brought  to 
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ns  no  new  elemenl?,  their  evidence,  as  fiir  as  it  goes,  would 
not  lead  us  lo  expect  to  find  in  the  sun's  atmospbere  such  a 
vast  number  of  unknown  elements  as  the  dark  lines  wohld  in- 
dicate ;  and  this  obvious  explanation  of  their  countless  num- 
ber cannot  therefore  be  regarded  as  pi-obable.  It  has  been 
observed,  however,  in  the  iew  cases  which  have  been  investi- 
gated, tliat  the  spectrum  of  a  compound  body  is  far  more 
comjiles  than  the  different  spectra  of  its  L-!ements  cocnbined ; 
and  it  is  possible  that  the  complexity  we  see  in  the  solar 
spectrum  may  arise  from  the  partial  combination  or  mutual 
interference  of  elements  now  known,  in  the  outer  and  colder 
portions  of  that  immense  atmosphere  which  is  supposed  fo 
extend  many  thousand  miles  beyond  the  luminous  surface  of 
the  sun. 

If  next  we  turn  the  spectroscope  on  some  of  the  brighter 
fixed  stars,  we  shall  see  contmuous  spectra  like  the  solar 
spectrum,  of  greater  or  less  extent,  and  covered  by  dark  lines. 
A  careful  comparison  of  these  lines  would  seem  lo  indicate 
that  the  stars  differ  very  greatly  from  each  other,  although  in 
general  they  are  bodies  similar  to  our  sun ;  and  if  our  theory 
is  correct,  we  have  been  able  to  detect  the  presence  of  sodium, 
magnesium,  hydrogei!,  calcium,  iron,  bi'smulh,  tellurium, 
antimony,  and  mercury  in  Aldebaran,  and  otlier  elements  in 
other  stars. 

The  most  remarltable  result  of  stellar  chemistry  remains  yet 
to  be  noticed.      On  examining  the  nebula-  with  the 


spectro- 
scope, it  has  been  found  that  while  some  of  Ihem  show  a  con- 
tinuous spectrum,  there  are  a  number  of  these  remarkable 
bodies  ivhich  exhibit  the  phenomena  of  briglit  lines.  T'„-' 
would  lead  us  to  the  conclusion  that  the  last  are  really,  „  -l 
nebular  theory  assumes,  masses  of  incandescent  gas,  '^'biie  the 
first  are  not  true  nebul*,  but  simply  clusters  of  Vy^j,  ^igta^t 
stars.  An  examination  of  the  comets  has  cor^Jiroied  the  pre- 
vious conclusion  that  they  also  are  mere  m'^sses  of  gas,  but," 
singularly  enough,  the  light  from  the  ccma  of  one  of  those 
bodies  gave  a  continuous  spectrum,  duQ  probably  to  reflecfed 
sntflight. 

98.  Ahorption  Spectra.  —When  a  luminous  flame  is  viewed 
with  a  spectroscope  through  a  solution  of  any  salt  of  ihe 
metal  Erbium,  the  otherwise  continuous  spectrum  of  the  flame 
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is  seen  to  be  interrupled  by  several  broad  bands,  which  have  a 
definite  position,  and  are  a  valuable  means  of  recognizing  the 
presence  of  this  very  rare  element.  This  absorption  pptctrum, 
as  it  is  called,  is  simply  the  reverse,  the  "negative"  of  the 
luminous  spectrum  of  the  same  element 

In  like  manner  the  salts  of  Didymium  give  an  equally 
characteristic,  although  very  different,  absorption  spectrum, 
which  is  in  fact  the  only  sure  test  we  possess  for  lliis  remark- 
able elementary  substance ;  and  as  the  bands  may  under  some 
conditions  be  seen  with  reflected,  as  well  as  with  tran&mifted 
light,  we  may  apply  the  lest  even  to  opaque  solids.  Also,  the 
same  absorption  bands  are  obtained  either  when  the  light  ia 
transmitted  through  a  liquid  solution,  or  through  a  loUd  crystal 
of  any  salt  of  the  metal ;  and,  moreover,  the  incandescent  vapor 
of  the  metal  shows  bright  bands  corresponding  to  the  dark 
Imnds  in  position.  The=e  facts  would  seem  to  fcliow  that  the 
character! otic  spectrum  bands  of  an  element  may  be,  at  least 
to  some  extent,  independent  both  of  the  slate  of  aggregation, 
and  of  the  condition  of  combination  of  the  elementary  atoms. 

Many  substances  besides  the  compounds  of  the  elements 
just  nutieed,  give  characteristic  absorption  spectra  which  have 
been  found  to  be  useful  chemical  tests,  especially  in  the  case 
of  blood,  and  certaiti  other  bodies  of  organic  origin.  The 
most  remarkable  phenomena  of  this  class  are  ihe  absoqjiion 
spectra  which  are  seen  when  a  luminous  flame  ii  viewed  with 
a  spectroscope  through  various  colored  vapors,  such  as  those 
of  nitric  per-oxide,  bromine,  and  iodine.  The  dark  bands  are 
then  very  numerous,  and  in  some  cases  may  be  resolved  into 
well-defined  lines.  Indeed,  the  absorption  bands  are  a  class  of 
pbenomeiia  closely  allied  lo  the  Fraunhofer  lines,  many  of 
which  are  known  to  result  from  the  absorption  by  the  earth's 
atmosphere  of  solar  rays  of  certain  degrees  of  refrangibility ; 
and  all  these  facts,  with  many  others,  prove  that  gases  and 
vapors  may  exert  their  peculiar  power  of  elective  absorption 
at  (he  ordinary  temperature,  as  well  as  when  incandescent. 
As  a  general  rule,  however,  the  absorption  bands  are  not,  like 
the  bright  lines  of  the  metallic  spectra  or  their  representatives 
among  the  dark  lines  of  the  solar  spectrum,  definite  images  of 
the  slit,  hut  they  are  darker  portions  of  the  spectrum  more  op 
leas  regularly  shaded,  and  correspond  to  the  broad  bands  or 
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luminous  spaces  in  the  spectra  of  the  metallic  vapora  when 
not  intensely  heateJ.  In  each  case  llie  effect  results  from  the 
blending  of  a  greater  or  less  number  of  imaged  of  the  slit, 
differing  in  relative  position  and  intensity. 

99.  llieory  of  Exchanges.  —  The  facts  of  the  tn-o  last 
Bcclions  are  all  illustrations  of  a  general  principle  already 
referred  to  in  connection  with  the  reversal  of  llie  sodium 
spectrum.  This  principle  is  known  as  the  "  Tiieory  of  Ex- 
changes," and  has  been  staled  as  follows:  "The  relation 
between  the  power  of  emission,  and  power  of  absorption 
for  each  kind  of  rays  (light  or  heat)  is  the  ?ame  for  all 
bodies  ot  the  same  temperature."  .  .  .  .  "  Let  K  denote  the 
intensity  of  radiation  of  a  particle  for  a  given  description  of 
light  at  a  given  temperature,  and  let  A  denoie  the  proportion 
of  rays  of  this  description  incident  on  the  particle  which  it 
absorbs ;  then  R-j-A  lias  the  same  value  for  all  bodies  at  the 
same  temperature,  —  that  ia  to  say,  this  quotient  is  a  function 
of  the  temperature  only." 

The  law  of  exchanges  finds  its  widest  application  in  the 
phenomena  of  radiant  heat,  and  so  far  as  experiments  have 
been  made,  it  appears  to  be  true  in  its  greatest  generality.  In 
applying  it  (o  explain  the  reversal  of  the  spectra  of  colored 
flames,  we  have  only  to  deal  with  a  single  body  in  its  relations 
to  rays  of  different  qualities.  If  the  principle  is  true,  the 
absorbing  power  of  such  a  body  at  a  given  temperature  must 
bear  a  fixed  ratio  to  iti  power  of  emission  for  each  kind  of 
ray.  If,  for  example,  it  has  a  great  power  of  emitting  certain 
rays  of  red  light,  it  has  a  proportionally  great  power  of 
absorbing  the  same  rays.  If,  again,  it  has  a  feeble  power  of 
emiliing  violet  rays  of  definite  quality,  its  power  of  absorbing 
=uch  rays  is  proporiionally  feeble,  and  bears  the  same  ratio  to 
the  power  of  emission  as  before;  and,  lastly,  it  has  no  power 
of  absorption  over  such  rays  as  it  does  not  itself  emit.  More- 
over, it  would  follow  that,  although  the  relation  of  the  absorb- 
ing to  the  radiating  power  might  vary  very  greatly,  .so  that, 
as  the  temperature  falls,  the  last  may  become  inconsiderable 
as  compared  wilh  the  first,  or  even  vanish,  no  essential  change 
in  the  character  of  tha  elective  absorption  would  be  thus  in- 
duced. Hence,  we  should  expect  that  bodies  would  absorb 
when  cold  rays  of  the  same  quality  which  they  emit  when  hot, 
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and  also  tliat  opaque  wlids  when  lieated  would  emit  white 
light.  We  have  seen  that  the  general  order  of  ihe  jiliiaiomeDa 
is  that  which  the  law  of  exchanges  would  predict,  and  here,  for 
the  present,  our  knowledge  stops.  We  have  as  yet  been  able 
to  form  no  satisfactory  theory  in  regard'  to  the  relaiions  of  the 
molecular  structure  of  bodies  to  the  medium  through  which  the 
waves  of  light  or  heat  are  transmitted.  It  is,  however, 
worthy  of  noiice  that  Euler,  one  of  the  earliest  and  ablest 
iovestigatore  of  undulatory  motion,  predicted  the  discovery  of 
the  law  of  exchanges,  in  assuming  as  a  fundamental  principle  of 
the  undulatory  theory  that  a  body  can.  only  absorb  oscillations 
isochronoys  with  those  of  which  it  is  itself  susceptible 

100  General  Cmdmions — The  facts  that  hive  been 
slated  m  this  chapter  aie  sufficient  to  show,  that,  alihough  j  et 
in  its  infancj,  spectrum  analjsis  piomi-is  to  be  one  ot  the 
moit  powerful  instruments  ot  mie-tigalion  eier  apphrd  in 
phjsieal  science  It  seems  to  be  the  key  wliidi  will  in  time 
open  to  our  \]ew  the  molecular  stiucture  ot  matter  ,  ind  e\en 
now  the  results  attually  obtained  sugge-t  -peculuions  in 
regard  to  the  ultimate  constitatioft  of  matter,  ot  the  most 
interestmg  character  The  several  monochromatic  nya  which 
the  atoms  of  the  elements  emit,  must  receive  then  peculiar 
character  from  some  motion  m  the  atoms  themselves  which  is 
isochronous  with  llie  motion  they  impart  Is  it  not  then  m 
this  molioJi  that  the  ladividwikty  of  the  element  resides,  and 
may  not  all  matter  be  alike  m  Us  ultimate  essence'  buch 
speculations,  however  wild,  are  not  whollj  unpiofltable,  if  only 
they  stimulate   investigation   and  thus    lead   to  further   dis- 
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101.  General  Principles.  —  The  glimpses  that  we  have  been 
able  to  gain  of  the  order  in  tbe  constitution  of  matter  give  ua 
grounds  for  believing  that  there  is  a  unity  of  plau  pervadiog 
the  whole  scheme,  and  encourage  a  confident  expectation  that 
hereafter,  when  our  knowledge  becomes  more  complete,  chein- 
ists  may  attain  to  at  least  such  a  partial  conception  of  this 
plan  as  will  enable  them  to  classify  their  compounds  under 
some  natural  system ;  and  in  Imagination  we  may  even  look 
forward  to  the  time  when  science  will  be  able  to  express  all 
the  possibilities  of  this  scheme  with  a  few  general  IbrmulEe, 
which  will  enable  the  chemist  to  predict  with  absolute  cer- 
tainty the  qualities  and  relations  of  any  given  combination  of 
materials  or  conditions.  But  although  to  a  very  slight  extent 
the  idea  has  been  realized  for  a  small  class  of  the  compounds 
of  carbon,  yet  as  a  whole  this  grand  conception  ia  as  yet  but  a 
dream.  Tbe  more  advanced  student  will  find  that  in  limited 
portions  of  some  few  fields  of  investigation  a  fragmentary  clas- 
sificadon  is  possible,  as  in  mineralogy ;  but,  when  he  attempts 
to  comprehend  the  whole  domain,  he  becomes  painfully  aware 
of  the  immense  defideneies  of  his  knowledge  ;  he  is  confused 
by  the  numerous  chains  of  relationship,  which  he  follows,  with 
no  result,  to  sudden  breaks,  and  soon  becomes  convinced  that 
all  such  efforts  must  be  fruitless  until  more  of  the  missing  links 
are  supplied. 

The  be-t  that  can  now  be  done  in  an  elementary  treatise  on 
chemi-try  is  to  group  logetlier  the  elements,  or,  rather,  the 
elementary  atoms,  in  such  families  as  will  best  show  their 
natural  aftinities ;  and  then  to  study,  under  the  head  of  each 
element,  the  more  important  and  characteristic  of  its  com- 
pound'?. However  little  value  such  a  classification  may  have 
in  its  scientific  aspect,  it  will  bring  together,  to  a  greater  or  less 
extent,  the  allied  facts  of  tbe  science,  and  thus  will  help  tha 
mind  to  retain  them  in  the  memory. 


oy  Google 


192  CHEMICAL  CLASSIFICATtON. 

Iq  classifjlng  ihe  elementary  atoms,  the  llirce  most  impor- 
tant cliaracKrs  to  be  observed  are  the  Prevailing  Quatitivalenee, 
the  Electrical  Affinities,  and  the  Crystalline  Relations.  The 
first  of  ihtise  characters  serves  more  particulai'ly  to  classify  the 
elements  in  groups,  the  second  to  determine  their  position  in 
tlie  groups,  aud  tUe  laat  to  control  the  indications  of  the  otlier 

The  crystalline  relations  of  the  atoms  can  only  be  deter- 
mined by  comparing  the  crystalline  forma  of  allied  compounds, 
and  involve  the  principles  of  isomorphism  already  discussed. 
Woreover,  in  order  to  reach  the  most  satisfactory  scheme  of 
classiiication,  we  must  take  into  consideration  other  properties 
of  the=e  compounils  besides  the  crystalline  form ;  which,  ai- 
thougli  tliey  may  not  be  so  precisely  formulated,  are  frequently 
important  aids  in  forming  correct  opinions  as  to  the  relations  of 
the  atoms.  It  will  also  be  evident,  from  what  has  previously 
beea  slated,  that  more  trustworthy  inferences  as  to  these  rela- 
tions may  frequently  be  drawn  from  the  crystalline  form  and 
properties  of  allied  compounds  than  from  those  of  the  element- 
ary substances  themselves  ;  for,  in  addition  to  the  fact  that  so 
many  of  these  subslancts  crystallize  in  the  isometric  system, 
fvhose  dimensions  admit  of  no  yariation,  it  is  also  true  that,  in 
our  ignorance  of  the  molecular  constitalion  of  most  of  them,  we 
often  have  more  certainty,  in  the  case  of  compounds,  that  our 
comparisons  are  made  under  identical  molecular  conditions. 

102,  Metallic  and  JiTo^i- Metallic  Elemeitts.  —  In  all  works  on 
cheraislry  since  the  time  of  Lavoisier,  the  elementary  sub- 
Stances  have  been  divided  into  two  great  classes,  —  the  melals 
and  the  non-metals ;  and  the  distinction  is  undoabtedly  funda^ 
mental,  although  too  much  importance  has  been  frequently 
attached  to  the  accident  of  a  brilliant  lustre.  The  character- 
istie  qyialities  of  a  metal,  with  which  every  one  is  more  or  Jess 
familiar,  are  the  so-called  metallic  lustre,  that  peculiar  adapt- 
ability of  moli'cular  structure  known  as  moReabilHy  or  ductility, 
and  ihe  power  of  conducting  electricity  or  heat.  These  qualities 
are  found  united  and  in  their  perfection  only  in  the  true  meials, 
although  one  or  even  two  of  them  are  well  developed  in  several 
elementary  sub-tances  which,  on  account  of  their  chemical 
qualities,  are  now  almost  invariably  classed  with  the  non- 
metals,  —  as,  for  example,  in   selenium,   tellurium,   arsenic. 
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antimony,  boron,  and  silicon.  Besides  the  properties  above 
named,  many  p^^raons  hIjm  aasociate  with  the  idea  of  a  metal  a 
high  pe        g  pro  h      h   onimon  lo  most 

oft  m  sa     and,  among  the 

met  m  find  tlie  lightest, 

as  w  da      r  erallic  elements, 

as  t  d        es  d  b=ence  of  metal- 

lic q  other. 

T         re  m  ta  ties  in  Ihe  ele- 

men  m         k  ason  intimately 

assoc  ca  omsi,  —  those  of 

the  metals  being  elecli-o-posiin-e,  while  those  of  the  non- 
metals  are  electro-negative,  with  reference,  in  each  case,  to  the 
atoms  of  the  opposite  class.  In  the  clasiiifi cation  given  ia 
Table  II-  we  have  associated  together  in  the  same  family  both 
the  metals  and  the  non-metals  having  the  fame  quanliralence, 
believing  that  such  an  arrangement  not  only  best  exhibits  the 
relations  of  the  atoms,  but  al^o  that  in  a  course  of  elementary 
instruction  it  presenid  the  facts  of  cliemistry  in  the  most  logical 
order. 

■  103,  Scheme  of  Chssif  cation.  —  The  classification  of  the 
elementary  atoms  which  has  been  adopted  in  this  book  is  shown 
in  Table  II. 

In  tlie  first  place  Ihe  atoms  are  divided  into  two  large 
families,  the  Perissads  and  the  Artiads  (27). 

Secondly,  these  families  are  subdivided  into  groups  (separated 
by  bars  in  the  table)  of  Closely  allied  elements.  The  atoms  of  any 
one  of  these  groups  are  isomorphous;  and  they  are  arranged 
in  the  order  of  their  weight-s,  which  is  found  to  correspond  aSso, 
in  almost  every  case,  to  their  electrical  relations.  Each  group 
forms  a  very  limited  chemical  series ;  and  not  only  the  weiglits 
and  the  electrical  relations  of  the  atoms,  but  also  many  of  the 
physical  qualities  of  the  elementary  substances,  vary  regularly 
as  we  pass  from  one  end  of  the  series  to  the  other.  The  order 
of  the  variation,  however,  is  not  always  the  same  ;  for  while  in 
some  cases  the  lightest  atoms  of  a  series  are  the  most  electro- 
negative, in  other  cases  they  are  the  most  electro-positive. 

Thirdly,  in  arranging  the  groups  of  allied  atoms  we  have 
followed  the  prevailing  quantiyalence  of  the  group,  and  those 
groups  whose  elementary  atoms  exhibit  in  general  the  lowest 
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quanti valence  are,  as  a  rule,  placed  first  in  order ;  but  with 
our  present  limited  knowledge  there  must  be  some  uncertainty 
in  regard  to  the  details  of  such  an  arrangement,  and  tlie  prin- 
ciple has  sometimes  been  violated  so  as  to  bring  together  those 
groups  of  atoms  which  are  most  allied  in  their  chemical  rela- 

The  remarks  already  made  in  regard  to  the  general  scheme 
of  chemic.il  classification  apply  with  almost  equal  force  to  the 
partial  system  .here  attempted.  The  very  attempt  makes  evi- 
dent the  fragmentary  character  of  our  knowledge,  even  in  re- 
gard to  the  exceedingly  limited  portion  of  the  subject  with 
which  we  are  dealing.  The  idea  of  classification  by  series  was 
first  developed  in  the  study  of  oi'ganic  chemistry,  where  the 
principle  is  much  more  conspicuous  than  among  inorganic  com- 
pounds. Tlius,  as  has  been  shown  (40),  we  are  .acquainted 
wiih  tn-enly  acids  resembling  acetic  acid,  which  form  a  aeries 
beginning  with  formic  acid  and  ending  with  melissic  acid.  Each 
member  of  this  series  differs  in  composition  from  the  preceding 
member  by  CH^  or  by  some  multiple  of  (his  symbol ;  and  the 
properties  of  the  compounds  vary  regularly  between  tlie  extreme 
limits,  according  to  well-established  laws.  Moreover,  many 
other  similar,  although  more  limited,  series  of  compounds  are 
known,  and  the  principle  realized  in  tliete  organic  sei-tes  seems 
to  be  the  true  idea  of  all  chemical  classification.  But,  in  attempt- 
ing to  apply  it  to  the  chemical  elements,  we  find  only  two  or  three 
groups  of  atoms  where  the  series  is  of  sufficient  extent  to  make 
the  relations  of  the  members  evident.  In  most  cases  it  would 
seem  as  if  we  only  knew  one  or  two  members  of  a  series,  and 
this  apparent  ignonmce  not  only  throws  doubt  on  the  general 
applicaiionof  our  principle,  but  also  renders  uncertain  the  details 
of  our  scheme,  even  assuming  that  the  principle  of  the  classi- 
fication is  correct.  Hence,  also,  great  differences  of  opinion 
may  be  reasonably  entertained  in  regard  to  the  position  which 
the  different  atoms  ought  to  occupy  in  such  a  scheme. 

Another  veiy  important  cau=e  of  uncertainty  in  anj  aeheme 
of  dassilymg  the  elements  aiisea  fiom  the  double  relationships 
vrhicli  many  of  them  manife-t.  Thus  iron,  winch  we  have 
assotiated  with  manganese  "and  aluminum,  is  in  some  of  its 
relations  clo  ely  nlhed  to  magne=iura  and  zinc  M  in)  other 
elements  resemble  non  m  huing  a  similai  two  fold  ch  iracler, 
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and  difFerent  authors  may  reasonably  assign  to  such  elements 
different  places  in  their  systems  of  classification,  according  as 
ihey  chiefly  >iew  them  from  one  or  the  other  aspect.  Hence 
arises  a  degree  of  uncertainty  which  affects  our  whole  system, 
and  cannot  be  avoided  in  the  present  state  of  the  science. 

Indeed,  no  classification  in  independent  groups  can  satisfy 
the  complex  relationa  of  the  elements.  These  relations  cannot 
be  represented  by  a  simple  system  of  parallel  series,  but  only 
by  a  web  of  crossing  lines,  in  which  the  same  element  may 
be  represented  as  a  member  of  two  or  more  series  at  once, 
and  as  affiliating  in  different  directions  with  very  different 
classes  of  elements.  In  the  present  fragmentary  state  of  our 
knowledge,  such  a  classification  as  we  have  just  indicated  is 
not  attainable.  The  scheme  adopted  in  this  book  only  indi- 
cates in  each  case  a  single  line  of  relalion&hip ;  but  we  have 
always  endeavored  to  place  each  element  in  tliat  relation 
which  is  the  most  characteristic ;  and,  however  imperfect  such 
a  scheme  may  be,  it  will  nevertheless  assist  study  by  bringing 
before  the  student's  mind  the  facts  of  the  science  in  a  syste- 
matic and  natural  order. 

104.  Eflatiom  of  the  Atomic  Weights.  — If  the  i>rinciple  of 
classification  which  we  have  adopted  is  correct,  and  the  ele- 
ments actually  belong  to  series  like  those  of  the  compounds  of 
organic  chemistry,  we  should  naturally  expect  that  the  atomic 
weights  would  conform  to  the  same  serial  law  ;  and  it  is  a  re- 
markable fact  that  the  difference*  between  the  atomic  weights 
of  fbe  elements  of  the  same  group  are  in  most  case«  very  nearly 
multiples  of  IG.  The  value  of  this  common  difference  varies 
between  15  and  17,  and  we  must  admit  in  some  cases  the 
simplest  fractional  multiples ;  but  the  mean  value  is  very 
nearly  16,  and  the  frequent  occurrence  of  this  difference  is 
very  striking.  This  numerical  relation  is  not  absolutely  exact, 
but  here,  as  in  the  periods  of  the  planets,  in  the  distribution  of 
leaves  on  the  stem  of  a  plant,  and  in  other  similar  natural 
phenomena,  there  is  a  marked  tendency  towards  a  certain  nu- 
merical result,  which  is  fully  realized,  however,  only  in  com- 
paratively few  cases. 

Other  numerical  relations  which  have  been  noticed  between 
the  atomic  weights  are  probably  only  phases  of  the  same  law 
of  distribution  in  series.     Thus  the  atomic  weight  of  sodium  is 
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very  nearly  the  mean  between  tliat  of  litliium  and  polassium  ; 
and  the  atomic  weights  of  chlorine,  bromine,  aud  iodine,  of  g!u- 
cjnum,  yttrium  and  erbium,  of  calcium,  strontium,  and  barium, 
of  oxygen,  sulphur,  and  selenium,  are  similarly  related.  Again, 
thei*e  are  several  pairs  of  allied  elements,  between  whose 
atomic  weighls  there  is  very  nearly  the  same  diffe  en  e  Thu 
the  difference  between  the  atomic  weights  of  ind  un  nd  d 
mium  is  very  nearly  the  same  as  that  between  he  a  on  c 
weights  of  magnesium  and  ztnc,  and  the  differenc  be  w  n 
atomic  weights  of  niobium  and  tantalum  tlie  same  a  e 

tween  the  atomic  weights  of  molybdenum  and    un  A 

careful  study  of  the  atomic  weights  will  also  revea  m  y  o  h  r 
approximate  relations  of  the  same  sort ;  but  a  hou  h  he 
study  of  these  relations  is  highly  interesting,  and  miy  e  d  e  e 
after  to  valuable  results,  yet  no  great  importance  can  be  at 
tached  to  them  in  the  present  state  of  the  science. 
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Havin'g  developed  in  Part  I.  the  fiindaraental  principles  of 
chemical  science,  we  siiall  next  give,  in  I'art  II.,  a  lii'ief  num- 
mary of  Ilie  more  important  elements  and  compounds,  exhib- 
iting (heir  constitutioQ  and  relations  by  means  of  forniulie  and 
reactifins,  and  adding  a  number  of  questions  and  problems, 
whidi  will  serve  to  direct  the  attention  of  the  stuJejit  to  the 
more  in:y>ortant  facts  and  principles,  or  to  tho^e  wliich,  being 
only  implied  in  tlie  context,  might  be  otherwise  overlooked^ 
and  which  will  a!>o  give  him  the  means  of  testing  the  thor- 
oughness and  accuracy  of  his  knowledge.  The  answers  to  the 
problems  have  been  calcukled  with  the  four-piace  logarithms, 
which  will  be  found  at  the  end  of  the  volume.  Used  in  con- 
nection with  the  (able  of  an ti logarithms  which  accompanies 
them,  the  logarlllims  give  results  which  are  accurate  to  the 
fourth  significant  figure,  and  this  degree  of  accui'acy  exceeds 
in  almost  every  case  that  of  the  experimental  data  given  in 
the  problems.  With  certain  exceptions  referred  to  below,  the 
answers  to  the  questions  are  either  staled  or  implied  in  the 
immediate  context,  or  in  the  sections  and  formuiie  to  which 
reference  is  made.  The  references  to  sections  are  enclosed  in 
parentheses,  and  those  to  formula  in  brackets.  Direct  ques- 
tions on  the  facts  stated  in  the  summary  are  eeMom  given,  and 
obviously  would  be  superfluous;  but  the  student  should  make 
himself  thoroughly  acquainted  with  the  subject-matter  of  each 
section  before  he  attempts  to  answer  the  questions  or  solve  the 
problems  which  fnllow.  In  studying  the  book,  however,  he 
should  aim  to  acquire  a  knowledge  of  the  general  principles 
and  mutual  relations  which  are  exhibited,  rather  than  to  com- 
mit to  memory  the  isolated  facts.'  Further  details  and  descrip- 
tions of  the  experiments  and  apparatus,  by  which  the  princi- 
ples here  stated  may  be  confirmed  or  illustrated,  will  be  found 
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in  the  excellent  work  of  Professors  F.liot  and  Storer  referred 
to  in  the  Preface,  and  ihis  tlio  student  is  ailvioed  to  consult  in 
connection  wiih  each  element  wUidi  he  studies.  He  must  re- 
member tliat  lie  is  dealing,  not  with  abstractions,  but  with  real 
things  and  actual  phenomena,  and  he  sliould  strive  to  make  his 
knowledge  as  positive  and  tangible  as  possible.  And  if  he  can 
pertbrm  the  experiments  illui-traling  the  more  important  prin- 
ciples or  reactions  {for  which  full  directions  are  given  in  the 
work  just  mentioned),  this  practice  will  tend  very  greatly  to 
produce  the  desired  result.  Moreover,  he  must  discriminate 
with  the  greatest  care  between  the  facts  directly  stated  or  ex- 
pressed by  tlie  reacjiions,  and  the  inferences  drawn  from  them, 
and  he  should  be  required  to  slate  clearly  the  successive  steps 
in  every  process  of  inductive  reasoning. 

The  elements  are  studied  in  the  following  chapters  in  the 
order  in  which  they  are  arranged  in  Table  II.,  and  in  connec- 
tion with  each  element  we  describe,  or  at  least  menhon,  the 
more  important  compounds  which  it  forms  witli  the  elements 
preceding  it  in  our  classification.  At  least  this  is  the  general 
rule,  but,  so  far  as  regards  the  compounds,  we  do  not  follow 
this  order  invariably,  departing  from  it  whenever  it  may  be 
necessary  to  illustrate  the  relations  of  the  element  we  may  be 
studying.  Thus  we  dci^cribe  with  each  element  its  chief  oxy- 
gen and  sulphur  compounds  from  the  first.  No  altempt  has 
been  made  to  embrace  the  whole  field,  but  the  aim  has  been  to 
illustrate  fully  the  principles  of  chemical  philosophy,  and  to 
give  a  clear  idea  of  that  phase  of  the  scheme  of  nature  whicli 
has  been  revealed  by  the  study  of  chemistry.  As  staled  in  the 
Preface,  tlie  "  Questions  and  Problems  "  are  an  essential  feature 
in  the  plan  of  the  work,  and  serve  to  supplement  as  well  as  to 
illustrate  the  text.  Tiie  student  will  find  iliat  the  knowledge 
which  he  gains  inferentially,  while  seeking  the  answei-s  (o  the 
questions  or  solving  the  problems,  is  peculiarly  valuable,  and 
the  acquisition  has  sometliing  of  the  zest  of  new  discovei-y.  As 
he  advanw-s,  he  will  meet  with  questions  which  he  cannot  fully 
answer  without  consulting  more  extended  works,  and_which  are 
intended  to  jlirect  his  study  beyond  the  limits  of  this  book.  He 
may  consult  in  such  cases  Watts's  Dictionary  of  Chemistrj-, 
Miller's  Elements  of  Chemistry,  Percy's  Metallurgy,  and  Dana's 
System  of  Mmeralogy. 
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CHAPTER     XVIII. 

THE  PERISSAD  ELEMENTS. 
Division  I. 

105.  HYDROGEN.  J{=  1.  —  Monad.  The  lightest 
atom,  and  the  stamlard  of  quanti valence.  Very  widely  diffused 
in  nature.  Forms  one  ninth  of  water,  and  is  a  consiituent  ot 
almost  uU  vegetable  and  animal  substances  as  well  as  of  many 
minerals.  The  essential  constituentof  all  acids  and  bases,  from 
whicii  it  ia  readily  displaced  by  other  atoms. 

lOG.  Hydrogen  Gas.  H-H.  —  The  lightest  substance  known 
in  nature.  Sp.  Gr.  =  1,  the  standard  of  comparison.  Seldom 
found  in  a  free  state  in  nature.  Best  prepared  by  the  aetiou  of 
zinc  or  iron  on  dilute  sulphuric  acid. 

Zn  +  {H^SO^  -I-  Aq)  =  {ZaSO^  +  Aq)  +  EI-HI.   [G4] 

Very  combustible.  Has  the  greatest  calorific  power  of  any 
substance  known.  Aqueous  vapor  sole  product  of  its  com- 
bustion. 

2S!-III  +  ®^  =  2iaj®.  [65] 

107.  Bydric  Oxide  {Water).  ff,0.  — The  universally  dif- 
fused litjuid  of  the  globe.  Tiie  life-blood  of  nature,  and  the 
chief  consiituent  of  organized  beings.  Below  0°  a  crystalline 
solid  (hexagonal  system,  Figs.  14  and  IG).  Sp.  Gr.  =  0.918. 
Under  the  ordinary  pressure  of  the  air  it  boils  at  100°,  but 
exists  in  the  atmosphere  in  the  state  of  vapor,  at  all  temper- 
atures. For  maximum  tension  of  vapor  at  different  temper- 
atures see  Chem,  Phys.  (284  and  312).  Water  is  an  almost 
universal  solvent  and  the  medium  of  most  chemical  eiianges. 
Its  molecular  structure  is  regarded  as  the  type  of  a  very 
Jarge  class  of  chemical  compounds.  Its  compof^iiion  may  be 
determined,  —  First,  by  electi-olysis  (91  and  [65J  reversed). 
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Secondly,  by  passing  a  mixture  of  steam  and  dilorine  gas 
through  a  red-hot  tube. 

2IS^©  +  2(Shm  —  4Ja®l  +  ©=®.  [GG] 

Thirdly,  by  exploding  in  an  eudiometer-tube  a  mixture  of  oxy- 
gen and  hydrogen  gaa  [Go].  Fourihly,  by  paisiiig  hydrogen 
gas  over  heated  eupric  oxide. 

Cuo  +  m-ia  =  cu  +  ro,©.  [G7] 

"Water  combines  with  anhydrides  to  form  acids,  as 


[G8] 


It  combines  witli  metallic  oxides  to  form  hydrates,  bases,  or 
alkalies,  as 

N<i,,O-\-H.,O  =  'iNa-0-Hor  CaO  + H.,O^Ca'0.rII,.  [G9] 

It  combines  with  many  salts  aa  water  of  crj=ta]lization,  -iS 

Fe'SO^ .  IH^O  Cry  t  Ferrous  Sulphate 

108.  Hydroxy!.  HO.  —  An  important  compound  ridical, 
which  may  he  regarded  as  a  lictur  (2S)  m  the  molecules  of 
many  chemical  compounds,  and  tor  this  leaton  it  is  sometimes 
convenient  to  write  its  symbol  Ho  (22).  The  oxygen  bases 
may  be  considere<l  as  compounds  of  hydrosyl  with  electro-posi- 
tive atoms  or  radicals,  and  the  oxygen  acids  as  compounds  of 
the  same  with  electro-negative  atoms  or  radicaK  Thus  we 
may  write  the  symbols  of  the  following  compounds  as  shown 

Sodic  Hydrate  Na-O-H        or  Jfa-Ho, 

Banc  Hydrate  Ba--OfH^        "  Ba-Ho^, 

Ferric  Hydrate  \Fe,-]W^H^   "  [Fe^J^Ho^, 

["0] 

Nitric  Acid  H-O-NOi       "  Ho-NO.^ 

Sulphuric  Acid  RfO-iSOi      «  Ho,^SO^, 

Phosphoric  Acid  HiO^PO       "  Ho.s:PO. 

100.  Ilydrie Peroxide  {Oxygenated  Water).   HiO^OT  Ho-IIo. 
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■ — Best  regarded  as  the  "radical  substance"  (22  and  69) 
corre? ponding  to  hydroxy!.  In  its  most  concentrated  form  it  is 
a  colorless  liquid  of  the  consistency  of  syrup,  and  having  a  de- 
rided odor  resembling  chlorine.  Soluble  in  water  in  all  pro- 
portions.  Prepared  by  action  of  carbonic  acid  on  baric  peroxide. 

BaO^H- {F.CO3  + J^)  =  BaCO,+  {H^O^^Ag).  [71] 

Carbonic  anhydride  is  passed  through  water  in  which  BaO^  is 
suspended  and  the  solution  oi  H.^0.^  subsequenlly  evaporated  in 
vacuo.  Decomposed  by  fine  metallic  powders,  and  also  spon- 
taneously at  temperatures  higher  than  22°,  into  water  aud  oxy- 
gen gas. 

(2H,0.,  +  Aq)  =  (211,0  4-  Aq)  +  ®<S>.        [72] 
It  liberates  iodine  from  its  compounds. 

2KI-\-  {Ho-Ho  4r  M)  =  H  +  (2A--ffo  +  Aq).  [73] 
It  generally  acts  as  an  osidizing  agent. 

Vh^+{iff;0,^-^q)  =  V\»^O,+  {iH,0-{-Aq).  [74] 
It  sometimes,  however,  acts  as  a  reducing  agent. 
ASiO-\-{H,0^^Aq)  —  A.s,-\-{H,0-^Aq)-\-©^®.  [75] 


Questions  and  ProMems.^ 

1.  What  distinction  can  be  drawn  between  a  chemical  element 
and  an  elementary  substance,  it  being  understood  that  tbe  word  ele- 
ment is  used  in  a  rcalrieted  sense,  as  applying  only  to  tbc  ultimate 
atoms  into  which  matter  may  be  resolved  ?  Illustrate  the  distinction 
by  the  case  of  hydrogen.     (60  ;  18  and  22.) 

2.  What  is  tlie  essential  characteristic  of  an  acid  and  of  a  base? 
(35  and  30.) 

3.  What  is  the  ground  for  the  belief  that  each  molecule  of  hydro- 
gen gas  consists  of  two  atoms?     (19.) 

'  It  is  assumed  in  nl1  ths  problems  of  this  book  that  the  temperature  is 
0°  C,  and  the  pressnra  76  c.  m.,  unless  otherwise  stated.  The  following 
sbbreviaOons  will  bs  used:  c.  ro.,  rentimetre;  «  m.',  cubic  ceutimetre; 
d.  m.*,  cubic  decimetre;  kilo.,  kilogramme*.  See.    (See  Table  I.} 
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4.  The  litre  and  the  erith,  the  molecular  weight  of  bjilri^a  and 
itsmoletular  volume,  sustain  what  relittionto  eaub  other  V  State  the 
reason  for  the  rule  on  page  iO.     (2  and  25.) 

5.  How  many  grammes  of  lino  and  how  many  of  sulphuric  acid 
uill  yield  one  litre  of  hydrogen  gaa  ? 

Ana,  2.02  grammea  of  zinu,  and4.39  grammes  of  sulphuric  acid. 

G.   If  45  grammes  of  zinc  are  used  in  reaction  [G4],  how  many 

cubic  centimetres  of  sulphuric  acid  must  be  used  also,  and  how  many 

grammes  of  zincie  sulphate,  and  how  many  litres  of  hydi'Ogen  gas, 

will  be  formed  in  the  process  (_Sp.  Gr.  of  //.SO,  =  1.843)  ? 

Ans.  3G.7  iTlii-'  of  sulphuric  aeid,  111.3  grammes  of  zincie  sul- 
phate, and  15.4  litres  of  hydrogen. 

7.  What  volume  of  water  should  be  mixed  with  the  sulphuric  acid 
in  the  last  problem,  BEsuming  that  the  reaction  takes  pUce  at  20", 
and  that  100  parts  of  water  at  that  temperature  will  dissolve  53 
parts  of  zincie  sulphate? 

Ans.  209.9  c,  ni.',  or  enough  to  dissolve  all  the  zinc  salt  formed. 

8.  What  weight  of  iron  must  be  used  to  generate  sufficient  hydro- 
gen to  raise  in  the  atmosphere  by  its  buoyancy  a  total  weight  of  121 
grammes  (Sp.  Gr.  of  air  14.5  nearly)  ? 

Ans.  100  litres  of  hydrogen  gas  will  be  required,  and  Ibis  can  be 
made  from  350.9  grammes  of  iron. 

9.  Assuming  that  the  principle  of  (1 7)  is  correct,  why  does  it  fol- 
low.from  reaction  [65]  that  the  molecule  of  oxygen  gas  must  contain 
at  least  two  atoms  ? 

10.  What  is  the  volume  of  4.480  grammes  of  hydrogen  at  273'>.2 
[9]?  Ans.  100  litres. 

11.  What  is  the  volume  of  4.480  grammea  of  hvdr^^n  at  0^  and 
under  a  pressure  of  3»  o.  m.  [4J  ?  Ans.  100  litres. 

12.  A  block  of  ice  weighs  3G.72  kilos.    What  is  its  volume  [I]  ? 

Ans.  40  dTm7 

13.  An  iceberg  is  floating  in  sea  water  {Sp.  Gr.  =  1.028).  IVhat 
proportion  of  its  bulk  is  submerged  ?  Ans.  0.8932. 

14.  One  kilogramme  of  at«am  at  100°  will  melt  how  many  kilos, 
of  ice? 

Ads.  The  steam  by  condensing  and  cooling  would  give  out  637 
units  of  heat,  which  is  adequate  to  melt  037  -i-  79  =  8  + 
kiiogrammea  of  ice.     (14  and  16.) 

15.  What  is  the  weight  of  one  litre  of  confined  steam  at  the  tem- 
perature of  144°  ?     Tension  of  steam  at  144°  equals  4  atmospheres. 

Ans.  Weight  of  litre  of  steam  at  0°  and  76  c.  m.  would  he  theo- 
retically 9  critha.  Hence  weight  at  144°  and  4  X  76  c.  m. 
is,  by  [6]  and  [10],  23.53  crllhs  or  2, 
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16.   What  is  tlie  weight  of  one  litre  of  superheated  Bteam  under 
normal  presjure,  and  at  54C°.4  ?  Ans.  0.2383  grammes. 


17.  Water  ie  forced  into  a  glasa  globe  containing  dry  air,  at  the 
temperature  of  100'  C.  and  under  the  normal  pressure,  as  long  as  it 
coniinuts  to  evaporate.     What  will  be  the  tension  of  the  moiet  air? 

Ans.  Water  or  any  other  liquid  evaporates  into  a  confined  apace 
until  the  vapor  attains  its  maximum  tension  for  the  existing 
temperature,  even  when  the  space  is  filled  with  another  gas ; 
and  the  tension  of  the  mixture  of  gas  and  vapor  is  tqual  to 
the  Eum  of  the  tension  which  each  would  exert  £epirately. 
Cbem.  Fhys.  (312).  The  maximum  tension  of  aqueous 
vapor  at  100°  is  7S  c.  m.,  and  hen<x  the  tension  of  tLe  moist 
air  in  the  globe  must  be  lli2  c.  m. 

18.  A  volume  of  hydrogen  gas  standing  in  a  bell-glass  over  a 
pneumatic  trough,  and  consequently  saturated  with  moisture,  meas- 
ures 100  cTm"?.  The  temperature  is  i-2°.3  and  pressure  on  the  gaa 
76  c.  m.  What  would  be  the  volume  under  the  s^me  conditions  tf 
the  air  were  perfectly  dry  ? 

Aas.  The  maximum  tension  of  aqueous  vapor  at  given  temper- 
ature is  2  c.  m.     Huncp.  if  vapor  were  removed,  the  tension 
of  the  gas  would  become  74  c.  m,,  provided  the  volume  re- 
mained constant.     But  Ihe  exterior  pressure  being  7C  c.  m., 
the  volume  must  accommodate  itself  to  this  cond't'on   and 
hence  by  [4]  would  be  reduced  to  97.36  e.  m 
13.   What  is  the  Sp.  Gr.  of  aqueous  vapor?     What    s  meint  by 
the  term  Sp.  Gr.  as  applied  to  a  vapor,  and  under  what  co   i  t  ons  is 
it  assumed  to  be  taken  ?     (1  and  17.)  Ans    9 

20.  In  Table  III.  the  weight  of  one  litre  of  aqueo  s  vapor  nder 
the  standard  conditions  of  temperature  and  pressure  is  given  as  9 
critbs.  Why  is  this  value  a  fiction  ?  and  why  is  an  impossible  value 
given  io  the  table  V     Chem.  Phys.  (329). 

21.  In  the  experiment  indicated  by  reaction  [GG]  the  oxj^n  gas 
was  collected  in  a  bell-glass  over  water.  It  measured  1,027  o.  m.^ 
at  the  temperature  22°.3  and  under  a  pressure  of  76  c.  m.  What 
was  the  volume  of  chlorine  gas  used,  measured  under  the  normal 
conditions  ?     The  tension  of  aqueous  vapor  at  22°.3  is  2  e.  m. 

Ans.  2  litres. 

22.  How  much  copper  will  be  reduced  in  the  formation  of  nine 
grammes  of  water,  and  what  volume  of  hydrogen  gas  will  be  used  in 
the  reaction  ? 

Ans.  31,7  grammes  of  copper  and  11.16  litres  of  hydrogen. 

23.  It  has  been  found  by  exact  experiments  that  for  every  nine 
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graramea  of  water  formed  by  reaction  [fi7]  the  cupric  oxido  lost  in 
weight  eigbt  grammes.  Wbat  is  tbe  percentage  eomposition  of 
■water?  Ana    11  112  of  hjdrogtn  and  &H  Sb8  ot  otjgen 

24.  Given  percentage  cornposition  of  water  and  th(.  Sp  Gr  of 
aqueous  vapor,  and  assuming  that  tbe  molecule  of  water  contoina 
only  one  oxygen  atom,  how  can  you  deduce  the  atomic  weight  of 
oxygen?     (23.) 

25.  Assuming  that  all  the  heat  of  combustion  is  utilized,  how 
many  litres  of  hydrogen  must  be  burnt  to  convert  into  free  steam 
one  kilogramme  of  boiling  water,  and  how  does  tbe  volume  of  steara 
generated  compare  with  the  volume  of  gas  burnt  ? 

Ans.  176.8  litres  of  hydrogen  gas  and  1,240  litres  of  steam,  when 

reduced  to  standard  conditions.     (14  and  17.)    (CI.) 
2S.   Assuming  that  all  the  heat  of  combustion  is  retained  in  the 
aqueous  vapor  formed  from  the  burnt  hydrogen,  how  will  the  vol- 
ume of  the  expanded  vapor  compare  with  that  of  the  gas  consumed? 
Ans.  By  problem  on  page  121  it  appears  that  the  temperature  of 
tbe  vapor  would  be,  under  the  conditions  assumed,  6,853°. 
Hence  the  volume  would  be  20.08  times  as  great  as  that  of 
the  gas  [0], 

27.  Assuming  Ihat  the  whole  volume  of  gas  resulting  from  the 
electrolyas  of  water  is  retained  in  tbe  apace  previously  occupied  by 
the  water,  what  would  be  its  tension?       Ans.  1,8G0  atmospliercs. 

28.  What  is  the  relation  of  an  anhydride  to  an  acid,  or  of  a  me- 
tallic oxide  to  a  hydrate  ?     (37  and47.) 

29.  What  objections  may  be  raised  to  the  method  of  writing  the 
symbols  ofacjds  and  bases  used  in  [70]  ? 

30.  What  is  the  distinction  between  a  compound  radical  and  a 
radical  substance  ? 

31.  Why  does  reaction  [73]  sustain  the  view  that  hydrio  perox- 
ide contains  the  radical  hydroxy!?  Do  not  reactions  [72],  [74], 
and  [75]  point  to  another  view  of  its  constitution  ? 

32.  Analyze  reaction  [75],  and  show  that  it  is  in  harmony  with 
the  modern  theory  of  the  constitution  of  the  oxvgen  molecule. 
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Division  II. 


110.  FLUOIiraE.  ^=19.  — Quantivalence  usually  one, 
but  its  atomicity  is  probably  of  higlier  order.  A  chief  L-onstit- 
uent  of  fluor-spar,  CaF^f  and  of  cr3'olite,  Na^Al^^  Found  also, 
but  in  smull  qiianiiiie^,  in  Apatite,  Tourmaline,  Mica,  and  a  few 
other  minerals.  Also  in  the  bones  of  animals,  especially  in  the 
teeih.  The  elementary  substance  F-F  is  undoubtedly  a  gas, 
but  it  lias  not  with  certainly  been  isolated. 

111.  Ihjdrofiw/nc  Acid.  BF.  —  The  anhydrous  acid  is  a. 
gas,  but  it  is  so  corrosive,  and  liquefies  with  so  small  an  amount 
of  water,  that  it  is  difficult  to  keep  it  in  this  condition.  The 
common  liquid  acid  is  a  solution  of  the  gas  in  water,  and  is  ob- 
tained by  distilling  a  mixture  of  powdered  fluor-spar  and  sul- 
phuric acid  in  a  platinum  or  lead  retort. 

CaP^  4-  (_ff,SO^  +  Aq)  =  €aS04  +  21S.1F  +  Aq.  [76] 

Ciyolite  may  be  used  advantageously  instead  of  fluor-spar. 
Tills  acid  is  distinguished  for  its  power  of  dissolving  silica,  witlx 
whicli  it  forms  volatile  products.  Hence  it  is  much  used  in 
chemical  analysis  for  decomposing  siliceous  minerals,  and  in  the 
arts  for  etching  glass. 

112.  CHLORINE.  CT=35.5.— Quantivalencensually  one, 
but  atomicity  probably  of  a  higher  order.  Very  widely  dis- 
tributed in  nature,  chiefly  in  combination  with  sodium,  forming 
common  salt. 

113.  Chlorine  Gas.  CT-C7.  —  Tellowish-green  gas,  which 
may  be  liquefied  by  pressure,  but  has  never  been  frozen.  Sol- 
uble in  water,  with  wliich  it  forms  at  0°  a  crystalline  hydrate. 
Highly  corrosive,  and  enters  into  direct  union  with  most  of  the 
elementary  substances.-  Discharges  vegetable  colors  and  de- 
stroys noxious  effluviag,  and  hence  much  used  in  the  arts  as  a 
bleaching  and  disinfecting  agent.  Best  prepared  by  gently 
heating  in  a  glass  flask  a  mixture  of  hydrochloric  acid  and  man- 
ganic dioxide. 

MnO.  +  (iJICl  +  Aq)  =: 

(MnCl^-\-2B^0  +  Aq)  +  m-m.  [77] 
Chlorine  gas  is  a  very  important  chemical  reagent.     It  not 
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only  converts  many  simple  clilorides  into  percliloridea,  but,  witb 
thd  intervention  of  water  or  of  some  otlitr  oxygen  compound, 
it  also  acts  as  an  oxidizing  agent,  and  to  tliis  etiecc  its  bleaeliing 
power  is  probably  in  great  measure  owing. 

(SnO,  +  a,  +  Aq)  =  {Sn  CI,  +  Jg).  [78] 

3Co^(ilO).+  («-CT  +  ^j)  = 

iCo,}i{aO),  + {Cod, +  Ag).  [-!)] 

Chlorine  has  also  a  remarkable  power  of  replacing  hydrogen  in 
many  of"  its  compounds.    (31) 

114  HjdrjclUijric  Acid  II  CI — A  colorlc  s  gas  which 
may  be  liquehed  by  cold  and  piesinre,  but  has  not  been  frozen. 
Exceedingly  soluble  in  water,  whiUi  at  4"  absOLbe  its  own 
weyht  or  about  48U  times  its  volume  ol  the  gi>  This  solu- 
tion IS  ^ery  muili  u  ed  in  the  labotatoiy  as  a  re.igpnt,  and  an 
impure  ^ollltlon  ciiled  muriatic  aud  \i  man ii fact u i  ed  on  a  large 
scale  lor  the  u=ea  of  the  irts  From  tlie  Sp  Gr  of  the  liquid 
acid  «e  aa  determine  very  closely  the  quinlitj  of  gaa  held  ia 
Bolution,  by  me  ins  of  tabka  in  whicii  the  reaults  of  careful  ex- 
perimental determinations  hi^e  been  tabulated  The  iollowing 
exiracts  from  a  table  of  Dr.  lire's  give  all  the  data  required  for 
calculating  the  problems  ia  tliis  book. 


Per  Cent 

%s- 

Percent 

Percent. 

Ha. 

Ma. 

HC1. 

HCI. 

Laooo 

40.T77 

1.1410 

33.544 

1 .0899 

18.349 

1.0397 

8.155 

38.330 

26.505 

1.0798 

16.310 

1.0293 

6.116 

1.1802 

36.292 

1.1 20B 

1,0200 

4,078 

1.1701 

34.aS2 

1.0100 

2,0.39 

1.15fl9 

32.213 

1.1000 

20.388 

1.0497 

10.194 

1.0060 

1.124 

Muriatic  acid  is  prepared  by  heating  common  salt  with  sul- 
phuric acid  in  large  iron  retorts,  and  conducting  the  gas  formed 
into  large  glass  vessels  containing  water. 

2M  a  +  B,SO,  =  Na^SO,  +  2  SIOI.  [80] 

When  we  make  pure  hydrochloric  acid  in  the  laboratory,  we 
only  use  half  as  much  salt.  The  gaa  is  then  given  off  at  a 
much  lower  temperature,  and  glass  retorts  may  be  employed, 

Jfa0l+(fffSO,~\-Aq)  =  {H,j!fa^S0t  +  Aq)+lMi(Sl    [81] 


Hyilrocliloric  acid  may  also  be  obtained  by  directly  unilhig 
hydrugeii  and  cliloriin;  gas. 

m-m  4-  ®1-(31  =  21301.  [82] 

By  electrolyzing  the  aqueous  solution,  the  last  reaction  js  re- 
veised  and  tiie  iicid  is  lieeomposed.  It  may  also  be  readily 
decomposed  by  metallic  sodium. 

2I3S1  +  jAa-l¥a  =  2]%'aCB  +  SI-SI.        [83] 

Liquid  hydroeliloric  acid  dissolves  most  of  the  metals  and  tlie 
metiiUie  oxides,  and  its  uses  in  practical  chemistry  are  illus- 
trated by  the  following  reactions.     See  abo  [77]. 

Sn  +  {2HCI  +  Aq)  =  {Sna,  +  Aq)  +  m-lM.  [84] 

ZuO  -i-  (2ffa  +  Aq)  =  (ZaCl,  +  ir,0  +  Ag).  [85] 

iAh]O,-\-{QHCl-\-Aq)=([M^-]Cl,-{-Sn,0-^Aq).  [86] 

115.  Compounds  of  Chlorine  and  Oxygen.  —  All  of  them 
unstable  and  most  of  them  explosive.  In  regard  to  their  mo- 
lecular constitution  different  views  are  entertained. 

Hypochlorous  Anhydride  CkO-  Cl-O-Cl, 


Hypochlorous  Acid 

HCIO 

H-o-a, 

Chlorous  Acid 

HCIO^ 

H-O-O-Cl, 

Chlorous  Anhydride 

a.,0. 

Cl-0-O-O-Cl, 

Chloric  Acid 

u'cio^ 

H- 0-0-0- CI, 

Chloric  Peroxide 

ChO^ 

Cl-0-O-O-O-Cl, 

Perchloric  Acid 

Hao, 

H-0-O-O-O-Cl. 

116.  Pofassic  Chlorate.  —  The  most  important  salt  of  any 
of  the  chlorine  oxygen  acids.  Obtained  by  passing  a  stream 
of  chlorine  gas  through  a  warm  solution  of  caustic  potash. 

(6^-0-.^+  Aq)  +  SCl-Cl=. 

{KCl03-\-hECl+SH^0-\-Aq).  [87] 

Potassio  chlorate,  being  much  the  less  soluble,  is  readily  freed 
from  tl»e  potassic  chloride  by  two  or  three  crystallizations.  It  is 
decomposed  by  heat  alone  into  potassic  chloride  and  oxygen  gas. 

2-ff  CTO3  =  2KCI  +  3  ©^©.  [88] 
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Much  used  for  making  oxygen  gas,  and  also   in  fireworks  and 
ihe  preparation  of  detonating  powder. 

117.  BROMINE.  Br  =  80.  —  Quantivalence  usually  one, 
but  aiomiciiy  probably  of  a  liigher  perisfad  order.  Associated 
with  olilorine  in  minute  quantities  in  saline  waters  and  certain 
silver  ores.  The  elementary  substance  {Br-Br)  is  a  very  volatile 
deep-red  liquid.  Sp.  Cc.  =  3.187.  Boils  at  63°.  Freezes 
at  7°. 3.  Prepared  from  llie  bittern  of  certain  salt  spring.^,  by- 
treating  with  chlorine  and  dissolving  nut  the  Hberaied  bromine 
with  ether. 

118.  IODINE.  /=]27.  —  Quantivalence  and  atomicity 
same  as  with  bromine.  Associated  with  chlorine  in  still  smaller 
quantities  than  bromine.  The  elementary  substance  is  obtained 
from  Ihe  ashes  of  certain  seaweeds.  Crystalline  solid  ;  Sp.  Gr. 
=  4.05.  Melts  at  107°.  Boils  at  175°,  forming  a  dense  violet 
vapor.  Viry  slightly  soluble  in  water,  but  i*  readily  di-solvcd 
by  alcoliol,  eiher,  and  caibonic  sulpbide.  Imparts  to  starch 
paste  a  deep  blue  color. 

The  three  dements  chlorine,  bromine,  and  iodine,  form  a 
well-defined  natural  group,  and  a  careful  compiirison  will  show 
that  the  properties  both  of  the  elementary  substance-*  and  of 
their  compounds  conform  closely  to  the  law  of  progression  which 
marks  a  chemical  series.  These  elements  are  all  highly  electro- 
negative bodies,  but  as  we  descend  in  the  series  we  find  that 
this  character  becomes  less  marked,  and  hence  tiieir  chemical 
energy,  as  manifested  by  the  strength  of  their  affinity  for  ele- 
ments of  the  opposite  class,  such  as  hydrogen  and  the  electro- 
positive metals,  diminishes  as  the  atomic  weight  increares ; 
and  tbis  law,  as  will  appear,  obtains  with  few  exceptions  in 
all  the  chemical  series.  Moreover,  it  will  also  be  found,  as 
might  indeed  be  anticipated,  that  elements  so  closely  related 
as  these  are  almost  invariably  found  associated  in  nature, 

119.  Characteristic  Reactions. — The  soluble  chlorides,  bro- 
mides, and  iodides  all  give,  with  a  solution  of  argentic  nitrate, 
precipitates  insoluble  in  water  and  acids.  The  iodide  of  silver 
may  be  distinguished  from  both  the  chloride  and  the  bromide 
of  the  same  metal  by  its  yellow  color  and  insolubility  in  aqua 
ammonia,  in  which  the  last  two  readily  dissolve.  Bromine  and 
iotline  may  both  be  expelled  from  their  salts  by  chlorine  gas, 
when  the  first  may  be  recognized  by  the  red  color  which  it  im- 
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parts  to  etlier  or  chloroform,  and  the  last  by  the  exceedingly 
characi eristic  blue  color  whicli  it  gives  to  starch  paste.  Flu- 
orine is  easily  discovered  because  its  compounds,  when  heated 
in  a  glass  lube  with  potassic  bisulphate,  yield  hydrofluoric  acid 
which  etelies  the  g!a^9.  This  element,  althougli  closely  allied 
to  the  other  three,  differs  so  greatly  iu  some  of  its  chemical  r&- 
lalions  that  it  is  doubtful  whether  it  belongs  to  the  same  chem- 
ical series. 


Questions  and  Problems, 

1.  It  appears  that  10  grammes  of  pure  fluor-jpar  yields  17.436 
grammes  of  calcic  eulpbate  [?G].  Assuming  that  the  atomiu  weight 
of  calcium  ia  40,  that  of  SO,  96,  and  also  that  the  ejmbol  of  lluor- 
sparis  CaF„  what  is  the  atomic  weight  of  fluorine?  Ans.  19. 

2.  How  rauch  fluor-spar  and  how  much  sulphuric  acid  must  be 
used  to  generate  eufflcient  hydrofluoric  acid  to  neutralize  53  grammes 
of  sodic  carbonate  ? 

Ans.  39  grammes  of  fluor-spar  and  48  of  sulphuric  acid. 

3.  How  much  liquid  hydrochloric  acid,  Sp.  Gr.  1.1893,  and  how 
much  MnO.,  will  yield  one  litre  of  chlorine  gas  ? 

Ans.  3.807  grammes  of  IlrtO,  and  17,06  grammes  of  hydrochloric 

4.  Fifty-nine  grammes  of  metallic  tin  were  dissolved  in  hydro- 
chloric acid  (84],  and  into  this  solution  chlorine  gas  was  pasped  until 
all  the  tin  was  converted  into  perchloride.  How  many  litres  of  hy- 
drogen gas  were  evolved  in.the  first  process,  and  how  many  of  chlo- 
rine gas  absorbed  in  the  second?  Ans.  11.1  G  litres  of  each. 

5.  Analyze  reactions  [66  and  79],  and  show  in  what  way  the 
chloriae  gas  acts  as  an  oxidizing  agent. 

G,  Five  grammes  of  liquid  hydrochloric  acid  are  mixed  with  a 
solution  of  argentic  nitrate,  the  last;  being  in  excess.  The  precipi- 
tated ftrgentic  chloride  was  collected,  washed,  dried,  and  weighed. 
The  weight  was  3,206  grammes.  Required  the  per  cent  of  HCl  in 
the  solution.  Ans.  16,31. 


7.    One  volume  of  common  muriatic  aeid,  Sp.  Gr.  1 
Low  many  volumes  of  If  CI  gas? 

Ans.  1   cTlir',  or  1,200  grammes,  contains  0,489  grammes  of  HCl, 
or  315.8  cTm?  measured  at  15°  [9]. 

3.   In  order  to  make  one  litre  of  common  muriatic  acid  of  Sp.  Gr, 
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1,16,  bow  much  salt  and  how  mach  Bnlphurio  acid  mast  be  used,  and 
how  much  waWr  must  be  placed  in  the  condenser?  [81] 

Ans.  598.9  griminea  of  salt,  1003.  gramines  oi' Eulpliuiic  acid,  and 
786.3  gramnus  of  water. 

9.  On  what  does  the  economy  of  the  process  [80]  over  [81]  de- 

10.  The  reaction  [82]  is  said  to  proye  that  both  hydrogen  and 
chlorine  gas  have  molecules  consisting  of  two  atoms.  On  what  pos- 
tulates does  the  proof  rest?     (17)  (19.) 

11.  One  litre  of  hydrochloric  add  gas  will  yield  by  [83]  bow 
many  lilrea  of  hydrogen  gas?  Ans.  J  of  a  litre. 

12.  Point  out  the  differences  between  the  reactions  [S4,  85,  86, 
and  87],  and  the  relations  on  which  the  differences  depend. 

13.  Show  that  tbe  tompounda  of  chlorine  and  oxygen  may  be  re- 
garded as  compounds  of  chlorine  and  hydroxy],  less  a  certain  number 
of  molecules  of  water.  What  atomicity  would  it  then  be  necessary 
to  assign  to  chlorine  ? 

Ans.  For  one  ease,  (ffO),Tii  cl  —  SH,0  =  {HOycho,0,0. 

14.  It  has  been  found  by  very  careful  experiments  that  100  parts 
of  potaesic  chlorate  yield  by  [88]  60.85  parts  of  polassic  chloride; 
and  further,  that  100  parts  of  potaasic  chloride  give  by  precipitation 
192.4  parts  of  argentic  chloride.  Assuming  that  the  symbols  of 
these  compounds  are  those  ^ven  above,  what  must  be  the  atomic 
weights  of  chlorine,  potassium,  and  silver  ?  It  is  also  assumed,  es 
found  by  previous  experiments,  that  the  atomic  weight  of  oxygen  is 
16,  and  that  100  parts  of  silver  combine  with  32.87  of  chlorine. 

Ans.  a  =  35.5,  K=  39.1,  Ag  =  108. 

15.  The  chlorine  gas  evolved  from  1.740  grammes  of  MnO^  is 
passed  into  a  solution  of  potassic  iodide.  How  much  iodine  will  be 
thus  set  free  ?  Ans.   5.081  grammes. 

le.  Bromine  and  iodine  form  both  with  hydrogen  and  oxygen 
compounds  similar  to  those  of  chlorine.  Compare  together  the  sev- 
eral compounds  and  point  out  the  resemblance  and  difierences  in 
their  properties.     (See  Miller's  Chemistry.) 
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120.  SODIUM.  Na  =  23.  —  Monad.  Combined  with 
clilorine  it  forms  commoQ  salt,  a  sulistance  which  is  very 
widely  distributed  tliroughoul  nature.  It  aUo  enters  into  ths 
composition  of  a  few  other  minerals  as  an  essential  constituent, 
and  several  of  its  salts  find  important  applications  both  in  the 
arts  and  in  common  life, 

121.  Metallic  Sodium.  Na-Na.  —  Soft,  white  metal  with 
brilliant  lustre,  but  rapidly  larnislung  in  ihe  air.  Sp.  Gr.  = 
0,D7.  Fuses  at  90°,  and  boils  at  a  red  heat.  When  heated 
in  the  air,  it  bums  with  intensely  yellow  flame.  Decomposes 
water  at  the  lowest  temperatures.  Prepared  by  distilling  in  an 
iron  retort  a  mixture  of  siodic  carbonate  and  charcoal, 

]%'a,CO,  4-  2  C  =  SJTa-SSTa  +  3  ®©.  [89] 

Used  in  the  extraction  of  aluminum,  and  in  the  chemist's  labora- 
tory as  a  powerful  reducing  agent. 

122.  Sodic  Chloride  (Common  Sail).  A'aC/. —White  crys- 
talline salt  (Isometric,  Fig.  7).  Sp.  Gr.  =  2.078.  Melts  at 
red  heat.  Voktilizes  at  white  heat.  Soluble  in  about  three 
times  its  weight  of  water.  Obtained  from  salt-beds  and  by  the 
evaporation  of  sallue  waters.  An  essential  article  of  food.  The 
source  of  almost  all  the  sodium  salt?.    Used  for  preserving  meat 

123.  Sodic  GarhonaU  {Sal  Soda).  ifojCOa.  — The  crystal- 
lized salt  contains  in  addition  lOH^O,  but  effloresces  in  dry  air. 
White  soluble  salt,  having  an  alkaline  reaction.  Formerly  pre- 
pared by  the  lixiviation  of  the  ashes  of  certain  marine  plants 
called  barilla.  Now  almost  universally  made  fi'om  common 
salt  by  Lebhmc's  process.  This  consists,  —  First,  in  treating 
common  salt  with  sulphuric  actd,  which  converts  sodic  chloride 
into  sodic  sulphate. 

2MCI  +  ff.SOt  ~  Na^SO,  +  2mm.  [90] 

Secondly,  in  melting  on  the  hearth  of  a  reverberatory  furnace 
the  Bodic  sulphate  with  chalk  and  fine  coal. 

bm^SO,  +  20(7=  5iV"a,5'+  20®©.  [91] 

5Na.,C0^-^  5CaS,2CaO  -\-  2f^<^,.  [92] 
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Thirdly,  by  lixiviating  the  non-volalile  product  of  the  last  re- 
action (called  blank-ball)  wiili  water,  which  dissolvea  only  the 
sodic  carbonate.  Used  in  washing,  in  the  manufiiclure  of  glass 
and  soap,  and  in  tlie  preparation  of  other  socliuin  salts.  Also 
an  important  reagent  in  tiie  laboratory.  Precipitates  from  so- 
lution of  their  salts  most  of  tbe  metals,  generally  as  carbonates. 

{CaCl,^Na.200,  +  Aq)  =  Ca€Oi-{-(2NaCl-\-Aq).  [93] 

When  fused  in  large  excess  with  insoluble  silicates  or  sulphates, 
it  decomposes  them.  Sodic  silicate  or  sulphate  ia  formed,  which 
js  soluble  in  water,  and  metallic  carbonates,  soluble  in  acids. 

JiaCO^-\-^aiSO,-\-{x  —  l)N^a,CO,.  [04] 

124.  Acid  Sodic  Carb(mate{Bicarh<male  of  Suda).  ffyNa^CO;^ 
— The  crystallized  neutral  carbonate,  when  exposed  to  on  at- 
mosphere of  carbonic  anhydride,  absorbs  tbe  gas  and  is  converted 
into  this  product  (a  white  powder), 

Na^CO,  .  lOfl^O  -\-  ®©^  =  tH,Na-CO^  -f  ^H^O.  [95] 

Used,  under  the  name  of  faleratus,  for  raising  bread,  and  in  the 
preparation  of  various  effervescing  powders. 

iH,Na-CO^  +  If.K'C,!T,0,+Ag)  = 

(Na.K^C,ff,O^-\-B,0-\-Ag)-\-(S®^.  [96] 

125.  Sodic  Hydrate  {Caustic  Soda).  Na-O-H.  —  Amar- 
phous  while  solid,  having  very  strong  attraction  for  water,  in 
which  it  dissolves  in  all  proportions,  evolving  considerable  heat. 
Solution  powerfully  alkaline  and  strongly  caustic.  Prepared 
by  adding  milk  of  lime  to  a  solution  of  sodic  carbonate. 

(iVoa'COj  4-  Ca'(ffO)^  +  Aq)  = 

Ca<)0^  +  (2Na-H0 -{- Aq).    [97] 

To  obtain  the  solid,  the  solution  must  be  decanted  from  the  in- 
soluble chalk  (CaOOs)  and  evaporated  to  dryness.  The  solu- 
tion itself  ia  a  very  valuable  reagent  in  tbe  laboratory,  and  a 
crude  solution    (lye)  is  used  in  the  arts  for  making  soap. 
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Caustic  soda  will  completely  neutralize  (lie  strongest  acid=.  On 
CTapoi'aiiiig  the  neutral  solution,  we  obtain  the  sodic  salt  of  the 
acid  used. 

(iVaO-^+  HO-NO^  +  Aq)  = 

NaO-JVO,-\' ir,0 -\- Aq).    [98] 

""""""^((^uOj/CsOa  +  2H^0  +  Aq).  [99] 


Sodic  salts  of  weak  ncids  have  an  alkalin 

Vza.  Oxides  of  Sodium.  ~SodicOx.ide,^a.rO.  Sodlc  Per- 
oxide. iVa/(  0-0). 

127.  Sodic  Nitrate  {Chili  Sidipetre  or  Cubic  Nitre).   Na-NOg. 

, A  natural  product  found  incrusling  the  soil  in  the  desert  of 

Atacama.      Ci'ysfallizeB  in  rliombohedrons  resembling  cubes. 
Much  used  for  making  nitric  acid. 

128.  POTASSIUM.  jr=:  89.1. —  Monad.  An  impor- 
tant constituent  of  felspar  and  mica,  two  very  widely  distrib- 
uted siliceous  minerals.  A  constituent  also  of  all  fertile  soils 
which  are  formed  in  part  hy  the  disintepralion  of  rocks  con- 
taining rhese  minerals.  By  the  action  of  atmospheric  agents 
on  the  soil,  soluble  potassium  salta  are  formed  which  are  ab- 
sorbed by  the  growing  plants,  whose  afhes  are  the  chief  source 
of  the  potassium  salts  of  commerce.  But  these  salts  are  now 
also  obtained  from  the  salt-beds  of  Stassfurt  in  Germany. 

J29.  MelaUie  Potassium.  K-K.  —  Resembles  sodium,  but 
has  a  bluish  linge  of  color ;  ^.  Gr.  =  0.865.  Brittle  at  0". 
Soft  at  15°.  Melts  at  55".  Sublimes  in  green  vapors  at  a  low- 
red  heat.  Burna  when  heated  in  the  air,  and  lakes  fire  spon- 
taiieonsly  on  water.  Prepared  by  distilling  in  an  iron  retort 
the  intimate  mixture  of  potassic  carbonate  and  charcoal  obtained 
by  charring  crude  larlar.  Eeaclion  same  as  [89],  substituting 
A"  for  Na.  More  powerful  reducing  agent  than  sodium  ;  hence 
obtained  with  greater  difficulty.  More  expensive,  and  less  used 
on  that  account. 

130.  Potoisie  Carbonate.  j^jCOj.  —  White  deliquescent 
salt,  with  strong  alkaline  reaction.  The  crude  sah  {Pot-oshes 
of  commerce)  is  obtained  by  lixiviating  wood-ashes  and  evap- 
orating the  lixivium.  Purified  hy  dissolving  in  a  small  quantity 
of  boiling  water,  and  ci7sta!lizing  out  the  impurities.     Lai^ely 


oy  Google 


216  FOTASSiUii.  [§  131; 

consumed  in  the  arts  for  manufacturing  glass  and  soap,  and  for 
preparing  other  compoundii  of  potassium. 

131.  Acid  Polassic  Carbonate  {Bicarbonate  of  Potash). 
B^ErCO^  —  White  crystalline  salt,  ptepured  by  passing  Cfj 
through  a  strong  solution  of  tlie  neutral  carbonate.  ReactioQ 
like  [95],  substituting  A"  for  Ma. 

132.  Potaisic  Hydrate  {Caustic  Potash).  H,K'0.  —  White 
amorplioua  solid,  prepared  like  caustic  Boda  [97].  whicli  it 
closely  resembles,  but  is  more  deliquescent  and  moi'd  strongly 
alkaline.  Forms  with  fats  "  aoft  soaps,"  while  soda  forms  "  hard 
soaps."  Like  caustic  soda,  an  important  reagent  iu  the  hihor- 
atory.  Precipitates  from  solutions  of  their  salts  most  of  the 
metal?,  generally  as  hydmtes,  but  sometimes  as  oxides.  In 
some   cases    the   precipitate  is  soluble  in   an  excess  of  the 

(Ca-SO^  +  ^K-{HO) -\- A(,')  = 

Ca=(HO)2  +  {Ki-SO^  +  Aq).  [100] 

{2Ag-N0,^  +  •iEiHO)  +  Aq)  = 

Ag,0  +  {H,0  +  2K-N0^  +  Aq).  [101] 

([  ^4]  a^  +  &K-(HO)  +  Aq)  = 

[AIiJi(HO)s  +  (GKCl  +  Aq).  [102] 

[  AIJI{ia©)a  +  (GK'MO  +  Aq)  = 

(RVsO^[AQ  -\-  eif.O  4-  Aq).  [103] 

133.  Oj^ides  of  Potassium.  —  Potassic  Oxide,  KfO.  Po- 
tassic  Dioxide,  A>{ 0-0).  PotassicTetroxide,^f( 0-0-0-0). 

134.  Potassic  Chhride  (Sylvine).  KCl. — Isomorplious  with 
KaCl  Found  associated  with  CarnalUte  {KCl.MyCk  •  6//,0) 
in  the  mines  of  Stassfurl. 

I3a.  Polassic  Nitrate  {Mtre).  .fiiVO,.  —  White  crystalline 
salt.  Dimorphous.  Usual  form  of  crystals  orthorhombic  prif  ras, 
but  under  certain  conditions  crystallises  in  rhomboheilra  like 
SaNO/j  (Hexagonal).  Melts  at  389°  without  decomposition. 
Is  decomposed  at  a  red  heat,  giving  off  a  mixture  of  oxygen  and 
nitrogen  gas.  Deflagrates  on  glowing  coals.  Nitre  is  a  natural 
product,  and  is  chiefly  used  in  the  manufacture  of  Runpo\v(]cr. 
It  is  also  employed  in  curing  meat,  and  the  fused  salt  (sal  pru- 
nelle)  is  a  useful  medicine 
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1S6.  C/iaraeleristie  ReaEtiom.  —  Salla  of  potassium  are  dis- 
tiDguiihed  fiom  those  of  sodium  by  giving  a  preeipilate  with  an 
excess  of  tartaric  acid  and  with  acid  platinic  chloride. 

{KCl  -\r  H,H-' CJ-1, 0„  -I-  Aq)  = 

{2KCI  -[-  Pi  ajl,  +  Ag)  = 

PtCiM^  +  {^ffOl-\.Aq).  [105] 

137.  Lithium,  Ruhiditim,  and  Caesium  are  found  in  very 
minute  quantities  in  ceriaio  mineral  waters,  in  lepidolite  mica, 
and  in  a  iavr  other  rare  minerals.  They  are  always  aesociated 
with  polassium  and  sodium,  to  which  they  are  closely  allied  in 
all  their  cliemical  relations.  They  form  with  sodinm  and  po- 
lasiium  a  series  of  electro-positive  elements  quire  as  well  marked 
as  the  seiies  of  electro-negative  elements  of  the  previous  group ; 
and,  ibllowing  the  same  law,  the  most  eleciro-positive  elements 
are  llie  lowest  in  the  series  and  Ijave  the  higliest  atomic  weights. 
Hence,  tlierefore,  the  chemical  energy  of  the  elements  of  this 
group,  as  manifested  by  the  strength  of  their  afiinities  for  ele- 
ments of  the  opposite  class,  like  those  of  the  chlorine  group, 
increases  as  we  descend  in  the  series. 

138.  Characteristic  Reactions.  —  The  compounds  of  each  of 
the  five  "  alkaline  metals  "  impart  a  peculiar  color  to  ilie  flame 
of  the  Bunsen  lamp.  These  colored  flames,  when  examined 
with  the  spectroscope,  exhibit  characteristic  bands,  by  which 
the  elements  may  be  disdnguished,  and  both  rubidium  and  cae- 
sium were  discovered  by  (his  means.     (Chapter  XVI.) 


Questions  and  Problems. 

1.  What  ia  the  Sp.  Gr.  of  sodium  vapor?  Ans.  23. 

2.  IVhat  is  tlie  weight  of.one  litre  of  sodium  vapor  at  1,093°,  but 
under  Ibe  normal  pressure?     [9]  and  (1). 

Ans.  Wcirjht  of  hydrogen  gas  under  the  conditions  named  is  \  of 
a  crith.  Hence,  we^ht  of  sodium  vapor  is  4.G  criths  or 
0.4121  of  a  gramme. 

3.  In  the  preparation  of  sodium  [89]  what  weight  of  metal  ought 
to  be  obtained  Cram  SO  kilos,  of  sodic  earboaat*,  and  how  manj'  litres 
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of  carbonic  oxide  gas  ebouIJ  be  formed  for  every  gramme  of  sodium 
obtained  'I 

Ans.  8.e80  kilos,  of  sodium  and  1,456  litres  of  carbonic  oaido. 
3  cubic  decimetre  of  rock-salt  contains  how  many  cubic 
aetallie  sodium,  and  how  many  litres  of  eiilorine  gas? 
Ans.  0.8422  I'm?  of  sodium  and  806.5  litres  of  chlorine. 

5.  To  tvbat  exteot  is  ihe  solubility  of  common  Bait  inlluenced  by 
the  temperature?     (Fig.  2,  page  1U8.) 

6.  Given  the  specific  heat  of  common  salt  (0.2U),  and  the  atomic 
weights  of  its  elements  (sodium  and  chlorine),  to  find  its  symbol. 

7.  How  muoh  carbonate  of  soda  can  be  made  from  500  kilo- 
grammes of  common  salt  ?  How  much  sulphuric  acid  ?  IIow  much 
coal  and  how  much  chalk  are  required  in  the  process,  according  to 
the  theory  ? 

Ans.  453  kilos,  of  NaCO,,  418.8  kilos,  of  i/jSO„  205  kilos,  of  C, 
and  598.2  of  CaCtJr 

8.  What  relation  ought  the  price  of  crystallized  carbonate  of  soda 
to  bear  to  that  of  the  dry  salt,  if  the  intrinsic  value  is  alone  consid- 
ered? Ans.  Price  of  dry  salt  2.7  of  crystallized. 

9.  In  order  to  convert  ten  kilogrammes  of  crystallized  sodic  car- 
bonate into  acid  carbonate,  what  volume  of  CO,  will  be  absorbed  ? 

Ans.   780.3  litres. 

10.  What  is  the  dilTerence  between  the  two  sodic  carbonates,  and 
what  is  the  reason  for  the  name  acid  carbonate  ?     (36). 

1 1.  What  volume  of  CO,  can  be  obtained  from  3.72  grammes  of 
acid  sodic  carbonate  ?    [96].  Ans.  1  litre. 

12.  The  symbol  of  sodic  hydrate  maybe  written  Na-O-H,  or 
Na-Ho,  or  {NaO)-H,  and  to  what  three  possible  views  of  its  consti- 
tution do  these  symbols  correspond  ?  [70]  (235).  'Why  should  the 
radicals  110  or  A'oO  be  monads,  and  what  advantage  would  be 
gained  by  writing  the  symbol  in  one  way  or  the  other?  (22)  and 
(28). 

13.  Wby  does  calcic  hydrate,  a  comparatively  weak  base,  decom- 
pose sodic  carbonate?     (21)  (52). 

14.  A  solution  of  caustic  soda  was  exactly  neutralized  by  0.630 
of  a  gramme  of  crystallized  oxalic  acid  {Ho,^C,0, .  2I/,0).  What 
weight  of  sodium  does  it  contain?  Ans.  0.230  of  a  gramme. 

15.  In  what  different  ways  may  you  write  the  symbol  of  polassic 
nitrate  ?  Illustrate  by  diagrams  like  those  of  (34).  State  what 
rules  must  be  followed  in  grouping  the  atoms.     (22,  28,  34.  and  69.) 

Ana.  K-N0„  KO-NOp  or  K-O-NO^ 
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IG.  What  conclusions  may  be  drawnin  regard  to  the  distribution 
of  the  soluble  sails  of  sodium  and  potassium  based  on  the  nature  of 
the  plants  from  whii:li  they  are  obtained  ? 

1 7.  On  what  relations  of  solubility  does  the  process  of  purifying 
potassic  carbonate  depend  ? 

18.  If  in  a  chemical  process  potassic  Or  sodlc  carbonates  may  be 
used  indifTurently,  what  relation  ought  thiir  pritea  to  bear  to  each 
other  in  order  that  they  may  be  used  wiih  eijual  profit? 

Ana.  138  :  lOS. 

19.  Analyze  equations  [100,  101,  102,  103],  and  show  that  the 
various  symbols  ara  written  in  conformity  to  the  rules  referred  to 
above,  No.  15. 

20.  If  a  saturated  solution  of  nitre  is  made  at  33°,  and  subse- 
quenlly  cooled  to  10'',  what  proportion  of  the  salt  will  crystallize 
oat  ?     (Fig,  2.)  Ans.  Two  thirds. 

21.  The  difference  between  the  two  kinds  of  soap  corresponds  to 
what  diilerence  of  properties  between  sodic  and  potassic  carbonate? 

Ans.  The  one  effloresces  and  the  other  deliquesces  in  the  air. 

22.  Draw  digrams  illustrating  the  constitution  of  the  different 
potassic  oxides.     (34.) 

23.  Why  would  not  the  salts  of  sodium  be  precipitated  by  the 
same  reagents  used  in  [104  and  lOo]  ?  Apply  the  same  principle  ta 
the  interpretation  of  the  other  reactmns  of  this  section. 
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Division  JV. 

139.  SILVER.  ^y=  1 08.  — Monad.  Found  in  small 
quautiiies  in  nature,  chiefly  in  the  melallic  state,  or  in  com- 
bination wiih  chlorine,  sulphur,  arsenic,  or  tuitimony. 

liO.  MelalUc  Silver.  Aff-Aff?  —  Sp.  Gr.  10.474.  Fuses 
at  about  1,000°.     The  principal  ores  are 


Native  Silver 

■io-'^3> 

Horn  Siiver 

AgCl, 

Silver  GlBice 

Ag,S, 

Liglit-red  Silv. 

jr  Ore  (ProuBtite) 

{AgS),A,, 

Darlt-red  Silve 

r  Ore  (Pjrargjrite) 

(AgSjfSi. 

These  ores  are  found  chiefly  iu  minei-al  veins  either  hy  tiiem- 
eelves  or  a.^sociali'd  with  ores  of  lead  and  copper,  ivilh  ivhich 
they  are  frequently  smelled,  and  the  silver  subsequently  sepa- 
rated from  the  regulus  thus  obtained.  Silver  does  not  oxidize 
when  heated  in  contaet  with  the  air,  and  for  this  reason  is 
readily  separated  from  lead  in  the  process  of  cupellation. 

xJff^  .  yPb  -f  iyO--0~  xAg-Ag  +  yPbO.      [lOG] 

The  cupel  furnace  is  so  arranged  that  the  melted  litharge  {PbO) 
runs  off  as  fast  as  formed,  and  leaves  the  silver  pure.  Melted 
silver  can  dissolve  ahout  twenty-two  times  its  volume  of  oxy- 
gen gas ;  but  the  gas  is  given  off,  in  great  measure,  when  the 
metal  solid ifles. 

141.  Argentic  Nitrate.  AgNO^r  —  The  most  important  sol- 
uble salt  of  silver.     Obtained  by  dissolving  silver  iu  dilute  ni- 

ZAg-Ag  -f  (SffiVO^  +  Aq)  =i 

{GAgNOt  +  iff,0  +  Aq)  +  23Sr©.  [107] 

While  crystalline  solid  which  melts  at  210°.  Fused  sa'.t  is 
called  lunar  caustic,  and  is  much  used  in  surgery  as  a  cautery. 
Argentic  nilratfl,  although  not  changed  by  the  light  when  pure, 
is  readily  decomposed  when  in  contact  with  organic  matter,  and 
the  black  stain  of  metallic  silver  thus  formed  cannot  be  reiaoved 
by  washing.     Hence  its  application  for  making  hair  dyes  and 
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indelible  ink.  It  is  also  used  in  large  quantities  in  the  art  of 
pholography. 

142.  Argentic  Chloride.  J^T?  — 'W  hite  crvstallme  solid 
(.Fig.  7).  MelCa  at  about  260°,  aod  on  cooling  lorms  a  hnrny 
eectile  mass,  whence  liie  mintr'ilogK'al  name,  liom  siUer  Pre 
pared  by  adding  to  a  solution  of  argentic  nitrate  any  soluble 
chloride. 

{AgNO.,-\-NaCl-\-Aq)  =  \^l-\-{mNO^  +  Aq).  [108] 
We  thus  obtain  a  white  curdy  precipitate,  which  is  insoluble  in 
water  and  acids,  but  soluble  in  ammonia,  in  potaisic  cyanide, 
aod  in  sodic  hyposulphite.  Owing  to  a  partial  reduction,  the 
white  powder  blackens  in  the  light,  especially  in  ilie  pre?ence 
of  oi^anic  matter  and  an  excess  of  argentic  nitrate.  On  this 
property  is  based  tlie  ordinary  process  of  photographic  printing. 
In  contact  with  dilute  acids,  argentic  chloride  is  very  readily 
reduced  by  metallic  zinc 

•2Ag  Cl-\-  Zn  =  Zn  Ck  +  Ag^.  [109] 

It  may  also  be  reduced  by  hydrogen  or  hydrocarbon  gas  passed 
over  the  cljloride  in  a  heated  tube. 

2AgCI  +  m-S!  =  Ag-Ag  +  2!ism  [110] 
In  the  process  of  electro-plating,  argentic  chloride,  dissolved  in 
an  aqueous  solution  of  potassic  cyanide,  is  decomposed  by  the 
electric  current.     (91)- 

143.  Argentic  Bromide,  AgBr,  and  Argentic  Iodide,  Agl, 
resemble  argentic  cliloride,  and  are  formed  in  a  similar  way. 
The  last,  however,  has  a  yellow  color,  and  U  insoluble  in  am- 
monia. In  presence  of  an  excess  of  argentic  nitrate,  and  after 
exposure  to  light,  they  are  at  once  reduced  to  the  metallic  state 
by  solution  of  ferrous  sulphate.  Before  exposure  the  reduction 
takes  place  very  slowly,  and  on  this  reaction  is  based  the  art 
of  photography.  The  steps  of  the  process  are:  1.  Spreading 
over  a  glass  plate  a  film  of  collodion,  holding  in  solution  a  mix- 
ture of  metallic  bromides  and  iodides;  2.  Immersing  the  coaled 
plate  in  a  solution  of  argentic  nitrate  unliil  a  mixture  of  argen- 
tic bromide  and  iodide  is  formed  in  the  film ;  3.  Exposing  the 
plate  to  light  in  the  camera,  where  the  image  formed  by  a  lens 
falls  upon  it;  4.  Developing  the  latent  image  by  a  solution  of 
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ferrous  sulphate;  5.  Dissolving  out  tlie  undecom posed  silver 
salt  by  a  solution  of  sodic  hyposulphite 

lii.  Argentic  Oxide.  Ag^O.  Argentic  Peroxide  Ag-^O^ 
—  The  first  is  very  slighUy  soluble  in  water,  and  liie  solution 
has  an  alkaline  reaction. 

145.  Cfiaracteristic  Tests.  —  Mot  silver  compounds  may  be 
reduced  to  pure  silver  before  the  blow-pipe,  and  whenever 
they  are  brought  info  solution  the  silver  can  be  recognized  and 
the  amount  very  accurately  determined  by  the  reaction  just 
given.  [108j.  Silver  is  remarkable  for  forming  anhydrous 
salts ;  and  whenever  we  wish  to  determine  the  molecular  weight 
of  an  acid,  it  is  generally  best  to  analyze  its  silver  salt.      (G8). 


Division  V. 
146.  THALLIUM.  T';^  204.  —  Usual  quantivaJence 
one,  but  atomicity  probably  three.  A  very  rare  element,  found 
in  some  varieties  of  pyrites.  Its  oxide,  Tl^O,  is  soluble  in 
water,  and  absorbs  carbonic  anhydride  from  the  air.  Its  vapor 
imparts  a  green  color  to  the  flame  of  a  Bunsen  lamp,  and  shows 
a  tingle  green  band  in  (he  spectroscope. 


Division  VI. 

147.  GOLD.  ^«:^  197. —  Triad.  Probable  molecular 
symbol  of  metal,  AtisAu.  Almost  always  found  in  the  native 
slate,  or  only  sligluly  alloyed  with  other  melals.  The  only 
well-defined  native  compounds  are  those  with  Tellurium. 
Very  sparingly  but  very  widely  disseminated  through  many  of 
the  crystalline  rocks  and  in  ihe  alluvium  resdting  from  their 
disintegration.  In  the  gold-bearing  rocks  Ihe  metal  is  frequently 
found  accumulated  to  a  greater  or  less  extent  in  veins  of  quartz 
(auriferous  quartz).  It  is  also  constantly  associated  in  minute 
quantities  with  other  metallic  ores,  especially  with  those  of  sil- 
ver, and  in  some  localities  the  veins  of  iron  and  copper  pyrites 
yield  large  amounts  of  the  precious  metal.  It  is  extracted 
either  by  simple  washing  or  by  bringing  the  finely  pulverized 
ore  in  contact  with  metallic  mercury,  which  has  a  great  affinity 
for  gold  and  picks  out  the  minute  particles  from  the  mass  of 
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refuse.  The  process  is  very  simple,  and  the  cost  of  the  product 
depends,  to  a  great  extent,  on  the  very  large  amount  of  material 
which  must  be  hLitidled ;  for  gold  ores  do  not  on  the  average 
contain  but  a  faw  ounces  of  metal  to  the  ton.  From  the  re- 
sulting amalgam  the  mercury  is  recovered  by  disliilaiion,  and 
the  residual  metal  may  then  be  melted  and  cast  into  bars.  The 
gold  thus  obtained,  however,  is  more  or  less  alloyed,  chiefly 
with  silvei',  and  is  refined  before  being  used  for  coinage.  Thb 
id  best  accomplished  by  dissolving  the  metal  in  aqua-reg^a, 
evaporating  to  dryness  to  remove  the  excess  of  nitric  acid,  dis- 
solving ill  a  large  volume  of  water,  and  precipitating  the  gold 
with  ferrous  sulphate.  Lastly,  tlie  pi-ecipitale  is  collected  and 
rnelted  under  borax.  If  the  proportion  of  alloy  is  very  lai^e, 
it  is  best  removed  by  boiling  the  metal  with  niiric  or  sulphuric 
acid.  Wlien  nitric  acid  is  used  for  parting  gold  from  silver, 
the  separation  is  not  complete  when  tlie  amount  of  gold  is 
more  than  one  fourth  of  the  weight  of  the  alloy ;  and  since  in 
most  cases  the  alloy  must  be  first  reduced  to  this  proportion, 
the  process  is  called  quartation.  When  sulphuric  acid  is  used, 
the  amount  of  gold  must  not  exceed  one  fifth. 

Gold  has  been  called  the  king  of  metals  ;  for  it  not  only  pos- 
sesses the  qualities  distinguishing  a  metal  in  their  highest  per- 
fection, but  also,  under  all  ordinary  condition?,  preserves  its 
brilliant  lustre  unimpaired.  With  the  exception  of  plsiiinum, 
iridium,  and  osmium,  gold  ia  the  densest  solid  known  ;  Sp.  Gr. 
19.34.  It  may  be  drawn  into  wire  of  such  fineness  that  three 
kilometres  only  weigh  a  single  gramme,  and  may  be  beaten 
into  leaves  not  more  than  one  ten-thousandth  of  a  millimetre 
thick.  Gold  has  a  familiar  yellow  color,  but  thin  leaves  trans- 
mit a  green  light.  It  has  been  found  that  an  exceedingly  thin 
film  of  gold  attached  to  the  surface  of  a  glass  plate,  and  heated 
to  a  temperature  not  exceeding  815°,  Iosps  its  metallic  lustre 
and  ap|)Cftrs  ruby-red  by  transmitted  light  i  and  finely  divided 
gold,  when  suspended  in  water  or  melted  into  glass,  imparts  to 
the  medium  the  same  beautiful  color.  Gold  is  nearly  as  soft  aa 
lead,  and  pieces  of  pure  gold  may  he  welded  together  without 
heat  by  pressure  or  concussion,  as  in  dentistry.  In  order  to 
increape  iis  hardness  it  ia  alloyed  with  copper.  The  standard 
gold  of  both  the  United  Slates  and  the  French  coinage  contains 
one  tenth  copper,  tliat  of  the  English  one  twelfth  of  the  same 
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alloy.  Gold  melts  af  about  1,100°.  It  is  only  slightly  volatile 
at  the  iiigNest  funmoe  heat ;  but  before  the  compound  blow-pipe 
it  is  dispersed  in  pui'ple  vapor.  It  i^  an  excellent  conductor  of 
heat  and  eletlricity,  but  is  inferior  in  this  respect  both  to  silver 
and  copper. 

Gold  is  not  dissolved  by  any  of  the  common  acida,anc!  is  not 
attacked  by  the  fused  caustic  alkalies.  It  enlei-s,  however,  into 
direct  union  both  with  chlorine  and  bromine,  and  is  readily  dis- 
eolved  by  any  liquid  mixture  which  liberates  ciilorine.  The  usual 
solvent  ia  a  mixture  of  (bur  parts  of  hydrochloric  acid  with  one 
of  nitric  acid,  called,  on  account  of  its  power  of  dissolving  gold, 
equa-regia. 

Au-^Au  +  (2fl2VO,  +  Gffa  +  A(/)  = 

CiAuCk  +  4/^0  +  Aq)  4-  2Sr®.  [Ill] 

When  gold  is  dissolved  in  aqua-regia,  if  hydrochloric  acid  ia 
used  in  excess,  tjie  solution,  evaporated  at  a  gentle  heat,  yields 
yellow  needle-Fhaped  crystals,  which  appear  to  be  a  molecular 
compound  of  AuClg  with  HCl.  If,  however,  the  evaporation 
is  pushed  still  funher,  but  at  a  temperature  not  exceeding  120°, 
a  red  crystalline  mass  is  obtained,  which  is  essentially  Auric 
Chloride,  A11CI3,  although  it  is  difficult  to  espel  the  lust  traces 
of  JICl  without  still  further  decomposing  the  salt.  If  this  pro- 
duct IS  healed  above  160'  it  loses  two  atoms  of  chlorine,  and 
there  is  left  a  pale-j'ellow,  sparingly  soluble  powder,  which  is 
Aitrous  Chhride,  Au-Cl,  and  at  200°  this  last  is  also  decom- 
posed and  reduced  lo  metallic  gold.  Auric  chloride  is  deli- 
quescent, and  yields  an  orange-colored  solution  ea^^ily  distin- 
guished from  the  solution  of  Aw  d^ .  HCl,  which  is  yellow.  It 
also  forms  yellow  crystalline  salts  with  the  alkaline  chlorides, 
similar  in  constitution  (o  the  compounds  with  HG.  Their  for- 
mulas are  AuC/^.  KCl .  bff^O,  and  AuCk-^aCl.  4H,0.  In 
like  manner  it  unites  with  ammonic  chloride  and  with  the  chlo- 
rides of  most  of  ihe  oi^anie  bases,  forming  cryslallizable  salia, 
which  are  often  employed  lo  determine  the  molecular  weight  of 
these  alkaloids.  Auric  chloride  is  a  very  unstable  compound, 
and  is  readily  reduced  to  the  metallic  state.  Solutions  of  fer- 
rous sulphate,  of  antimonious  ohloride,  of  oxalic  acid,  and  of 
Bulphuroua  acid,  all  precipitate  the  gold  in  a  fmely-tlivided 
state.     Phosphorous  and  hypophosphorous  acid  and  solutions 
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of  their  salts  produce  the  same  effect,  as  do  also  phosphorus  it- 
self and  many  of  the  meials.  The  brown  gold  powder  thus  ob- 
tained ia  much  used  for  gilding  porcelain.  A  solution  of  stan- 
nous chloride  mixed  with  stannic  chloride  produces  in  neutral 
solution  of  auric  chloride  a  beautiful  purple  precipitate  called 
Purple  of  Cassius,  which  is  much  used  for  coloring  glass  and 
porcelain.  The  comftound  contains  both  gold  and  tin  combined 
with  oxygen,  but  its  chemical  constitution  is  still  in  question. 
Metallic  tin  gives  a  similar  precipitate.  There  appear  to  be 
two  iodides  of  gold,  Aultrnd  Aul^,  but  only  one  bromide,  AuBrg, 
has  been  described.  There  are  also  two  oxides,  Au^O^  and 
Au^O.  The  first  acts  as  an  acid,  the  second  as  a  very  feeble 
basic  anhydride.  The  following  reactions  illustrate  the  forma- 
tion and  relations  of  these  compounds. 

{AuCk^  ^K-O-HAr  Aq)  = 

{K^^OiAu  +  ZKCl  +  3^jO  +  Aq).  [112] 

Kf0.fAu  +  ZH-O-GAO  +  ^?)  = 

HfO.M»'-\-  {BK-0-C^H,0-\-Aq).  [113] 
2H,^0fA"  =  -^"^Os  +  3//3O.  [114] 

To  obtain  these  reactiow^,  the  solution  of  ^k  OI3  should  be  boiled 
after  the  addition  of  KO-Ifaad  then  acidified  with  acetic  add. 
The  precipitate  thus  obtained  has,  when  dried,  the  compositioa 
ofAti.iO^.  The  compound  JmjO  is  obtained  as  an  insoluble  vi- 
olet powder  by  digesting  Au  CI  with  a  solution  of  caustic  alkali. 

{2AuCl  +  2N^a-0-M -f  Aq)  = 

Au^O-\-i%Naa-irH^O-\-Aq).  [115] 
It  does  not  enter  into  direct  combination  with  acids,  but  there 
is  an  hyposulphite  of  gold  apd  sodium  which  plays  an  impor- 
tant part  in  photography,  and  appears  to  have  the  formula 
Au,Ifa^0.f(S-0'S).  Singularly,  however,  gold  is  not  precipi- 
tated from  the  solution  of  this  salt  by  the  ordinary  reagents. 
Tiiere  are  two  sulphides  of  gold,  Au^S^  and  Au^S.  The  first 
is  precipitated  by  Ji,S  from  a  cold  solution  and  the  last  from  a 
boiling  solution  of  AaCli  by  the  same  reagent.  They  both 
dissolve  in  alkaline  sulphides  and  form  sulphur  salts.  Thus 
Ati^S;  -f  (GK-S-II+  Aq)  ^ 

(2K,^SrAu  +  Aq)  -\-  Sff^S.  [116] 
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148.  Characteristic  Beactiims.  —  With  the  exception  just 
noticed,  gold,  when  in  solution,  can  be  distinguished  by  the  tUct 
that  it  is  precipitated  by  ferrous  sulphafe,  provided  the  solution, 
though  acid,  does  not  contain  an  excess  of  nitric  acid. 

(%AuCk  +  GFe-O^'SO^  +  Aq)  = 

\n'^A.n+{iFe,yGk  +  t\_Fe,-\W^iSO,\-\-Aq).  [117] 

The  formation  of  purple  of  Cassius,  and  the  easy  reduction  of 
all  the  compounds  to  the  metalUc  state  by  simple  ignition,  are 
other  indications  by  which  the  presence  of  gold  may  he  readily 
rec(^nized.  The  reduced  gold,  even  when  in  fine  powder,  ac- 
quires its  peculiar  lustre  if  rubbed  against  a  hard  surface,  as  in 
the  process  of  burnishing.  Besides  the  important  uses  of  gold 
for  coinage  and  for  ai'ticles  of  ornament  or  luxury,  the  metal  is 
peculiarly  well  adapted,  both  by  its  softness  and  tti  power  of 
resisting  corrosive  agents,  for  its  applications  in  dentistry.  It 
h  also  largely  employed  in  the  various  methods  of  gilding, 
which  consists  either  in  directly  applying  thin  gold-leaf  to  the 
surface  to  be  covei'ed,  or,  when  the  sui'faee  is  metallic,  by  de- 
positing upon  it  a  thin  film  of  gold  wiih  ihe  aid  of  galvanism 
or  by  the  simple  action  of  chemical  affinity. 


Questions  and  Problems' 

1.  Given  the  percentage  composition  of  Proustite.  Silver,  GS.45; 
Sulphur,  13.39 ;  Arsenic,  15. IG.    Required  the  symbol. 

An 9.  Ai/^S^Aa. 

2  How  much  greater  ia  the  per  cent  of  silver  in  Proustite  than 
in  Pyrai^rite  ?  Ans.  5.C8  per  cent. 

8.  Draw  diagrams  illustrating  the  molecular  constitution  of  the 
different  silver  ores. 

4.  Analyze  reaction  fl07],  and  point  out  the  difference  between 
it  and  the  class  of  reactions  of  which  [64]  is  the  type. 

5.  If  a  given  maaa  of  argentiferous  lead  contains  three  fourths  of 
one  per  cent  of  silver,  how  many  kilogrammes  of  litharge  will  be 
made  in  the  process  of  cupellation  to  each  kilogramme  of  silver  ex- 
tracted, and  how  many  cubic  metres  of  oxj-gen  gas  will  be  absorbed 
by  the  process  ? 

Ans.  142.5  kilos,  of  litharge,  and  7.134  m?  of  oxygen. 
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6.  One  gramme  of  eilver  treated  aa  in<]icated  by  [107]  and  [108] 
fielded  1.328  grammes  of  argentic  chloride.  Wliat  is  tbe  atomic 
ireiglit  of  silver?  Tbe  atomic  weight  of  chlorine  is  assumed  to  be 
known,  35.5,  and  also  tbe  specific  heat  of  argentic  chloride,  0.091. 

Ana.  lOS. 

7.  One  gramme  of  ai^ntic  chloride  reduced  by  hydrogen  [110] 
yielded  0.752e  of  a  gramme  of  silver.  What  is  the  atomic  weight 
of  silver  ?     The  same  values  are  assumed  as  in  tbe  last  problem. 

8.  One  gramme  of  argentic  oxalate  yields  when  be-a(ed  0.7105  of 
B.  gramme  of  silver.  We  have  reason  to  believe  that  oxalic  aciJ  is 
bilmfiic.     What  is  its  molecular  weight?     (68).  Ans.  90. 

9.  Write  tbe  reactions  of  sulphurous  acid  and  of  oxalic  acid  on 
solution  of  auric  chloride,  assuming  that  sulphuric  acid  in  one  case, 
and  CO,  in  the  other,  are  a  part  of  the  products. 

10.  What  evidence  do  you  find  of  the  quantivalenceof  gold  in  the 
above  sections  ? 

11.  Does  gold  act  as  an  acid  or  a  basic  radical? 

12.  What  in  the  chief  chemical  characteristic  of  gold? 

13.  There  has  been  a  question  about  the  cause  of  the  color  which 
purple  of  Cassius  imparts  to  glass  and  porcelain  glaze.  Do  tbe  facta 
stated  above  explain  this  phec 
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Division  VII. 

]«.  BORON.  5=11.  — Triad.  Yery  sparingly  distrib- 
uted. Aliraya  found  ia  combination  with  oxygen.  In  boric  acid 
and  in  various  borates,  including  the  minerals  Datholite  and 
Danburite,  boron  is  the  electro- negative  element,  while  in  Axi- 
niie  and  Tourmaline,  and  in  many  artificial  salts,  it  acts  the  part 
of  a  basic  radical.  The  elementary  substance  (_S^B?)  may  be 
obtained  both  in  an  amorphous  and  a  crystalline  form.  The 
first  is  obtained  by  decomposing  boric  anhydride  with  sodium. 

Ji^O,  +  SA'a-m  =  SJVa^O  +  B-^R  [118] 

It  is  an  infusible  dark-brown  powder,  which  soils  the  fingers 
and  dissolves  slightly  in  water.  At  about  300°  it  takes  fire  in 
the  air  and  burns  into  B^O,,  and  it  is  also  oxidized  when  heated 
with  sulphuric  acid  or  with  the  alkaline  nitrates,  sulphates,  car- 
bonates, or  hydrates.  It  decomposes  nitnc  acid  even  when 
elightly  concentrated  and  cold. 

B-^B  +  Sff^^O^^SO^  =  S^O^  +  3^,0  -f  3S0^.   [119] 

B-B  +  effiVOs  ^  2K^0fB  4-  6^0^         [120] 

Boron  is  one  of  the  very  few  elements  which  unite  directly  with 
nitrogen. 

B--B-i-mJ!f=  2B-JV-.  [121] 

If  amorpho'us  boron  is  heated  intensely  in  a  closed  crucible,  it 
becomes  much  denser,  and  is  then  less  easily  oxidized.  It  dis- 
solves in  melted  aluminum,  and  when  the  molieu  metal  sets,  the 
boron  crystallizes  In  quadratic  octohedrons  (75)  more  or  less 
Jiighly  modified.  These  crystals  are  nearly  as  hard  as  the  dia- 
mond, have  an  adamantine  lustre,  and  Sp.  Gr.  =  2.68.  They 
may  also  be  oblained  directly  from  boric  anhydride,  which  is 
decomposed  by  aluminum. 

\_A!,-]  +  B^O^  =  [J4]  O3  +  £-'B.  [122] 

The  crystals  thus  prepared  are  sometimes  nearly  colorless, 
but  more  frequently  they  have  a  yellow  or  red  color,  and  some- 
times the  color  is  so  deep  that  they  appear  black.     They  are 
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probably  never  wholly  pure,  and  it  is  wortliy  of  remark  tbat 
tliey  sometimes,  if  not  always,  contaia  a  considerable  quantity 
of  carbon.  They  resist  the  action  of  all  aeids,  and  even  of  fused 
nitre,  but  are  oxidized  when  fused  with  acid  polassic  sulphate. 
It  appears,  from  recent  investigations,  that  the  so-CftUed  graphi- 
toidal  boron,  which  is  formed  with  the  crystals  just  mentioned, 
is  a  compound  of  aluminum  and  boron. 

160.  Boric  Acid.  HfOtB.  —  A  product  of  volcanic  action. 
Found  in  some  natural  waters,  aod  Las  been  detected  in  the 
waters  of  the  ocean.  It  is  collected  in  large  quantities,  but  in 
an  impure  condition,  from  tlie  hot  vapors  of  the  '^fUmerolles  " 
in  the  Marerama  of  Tuscany,  The  pure  acid  is  best  prepared 
from  borax  by  the  n 


imi0.fB,0,  +  2HCl-\-5ff,0  +  Aq)  = 

iff^0fB+{2N-aCl-\-Aq).  [123] 

The  hjdro<;hloric  acid  should  be  mixed  with  a  hot  saturated  so- 
lution of  boras,  which  as  it  cools  deposits  boric  acid  in  while 
nacreous  crystalline  scales.  Boric  acid  is  sparingly  soluble 
in  cold  water,  but  dissolves  in  three  limes  its  weight  of  boiling 
water.  It  is  also  soluble  in  alcohol,  and  imparls  to  the  flams 
pf  burning  alcohol  a  peculiar  green  tint,  which  exhibits  in  the 
spectroscope  five  well-marked  green  bands.  The  solution  both 
in  water  and  in  alcohol  cannot  be  evaporated  without  loss,  as 
the  vapor  always  takes  with  it  an  appreciable  amount  of  the 
acid.  The  solution  evaporated  on  turmeric  paper  changes  the 
color  lo  brown,  like  an  alkali,  but  it  affects  litmus  paper  like 
other  weak  acids.  At  the  temperature  of  100°  it  loses  one 
atom  of  water. 

IfyO,^B  =  H-O'BO  4-  .ffjO.  [124] 

The  compound  HfOfB  is  called  orthoboric  acid.  The  pro- 
duct H-O-BO  is  frequently  described  as  the  first  anhydride  of 
this  acid,  and  is  called  metaborio  acid.  If  this  is  heated  to  a 
still  higher  teraperalure  two  molecules  unite,  while  at  the  same 
time  they  lose  another  atom  of  water,  forming  the  second  and 
last  anhydride,  boric  anhydride. 

1H-0-B0  =  B,0,  +  J£,0.  [125] 

At  a  red  heat  B^Og  fuses  to  a  viscid  glass,  which  remains  clear 
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ste  it  cools,  but  soon  becomes  opaque  and  crumbles  if  exposed 
to  the  air.  It  also  forms  fusible  compounds  with  the  melallic 
oxides.     Hence  the  use  of  boric  acid  and  the  borates  as  fluxes. 

151.  Borates.  —  It  is  e%'ident  from  the  principles  of  (38.) 
that,  besides  orthoboric  acid,  many  others  are  Ibeoretically  pos- 
sible.    Thus : — 

Boric  Add  ffi^Oa'B, 

Diboric  Acid  H^O^BO-B), 

Triboric  Acid  Bs^O^^B-OBOB), 

Telraboric  Acid  H^IO^{B-0-B-0'B-0-B), 

Polyboric  Acid  H^^^  0„4.s{5,0,_i)'/ 

These  may  be  regarded  as  formed  by  the  coalescing  of  sev- 
eral molecules  of  orthoboric  acid,  and  llie  elimination  from  Ihla 
condensed  molecule  of  a  sufficient  number  of  molecules  of  water 
to  set  free  the  number  of  oxj'gen  atoms  required  to' cement  to- 
gether the  atoms  of  boron  in  the  resulting  radical.  By  elimi- 
nating additional  molecules  of  water,  we  may  obtain  from  either 
of  the  above  acids  a  series  of  anhydrides  (distinguished  as  the 
first,  second,  &c.,  anhydrides),  and  the  number  of  possible  an- 
hydrides in  any  case  is  equal  to  the  number  of  pairs  of  hydro- 
gen atoms  which  the  acid  contains.  It  must  be  understood  that 
all  tliese  possible  forms  are  not  real  compounds.  Indeed,  only 
the  three  already  mentioned  have  been  actually  prepared ;  but 
there  are  several  borates  whose  constitution  is  best  explained 
when  we  regard  them  as  salts  of  acids  derived  from  orthoboric 
acid  in  the  way  just  indicated.  The  most  important  of  these 
is  common  borax,  which  may  be  regarded  as  the  sodium  salt  of 
the  second  anhydride  of  tetraboric  acid. 

152.  B(yrax,  MfO^^(B--Oi^B'0-B=O^^B)  .10  ff^O,  was  orig- 
inally brought  from  a  salt  lake  in  Thibet,  and  was  called  Tincal. 
It  also  occurs  in  large  crystals  in  the  mud  of  Borax  Lake,  in 
California,  and  it  has  been  found  in  solution  in  many  mineral 
springs,  and  even  in  minute  quantities  in  the  ocean.  Is  man- 
ufactured in  large  quantities  irom  the  crude  boric  acid  of  the 
Tuscan  lagoons.  White  crystalline  salt,  which  when  heated 
gives  up  its  water  of  crystallization.  At  a  red  beat  melts  to  a 
transparent  glass,  which  has  the  property  of  dissolving  almost 
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all  the  metallic  oxides.  Many  of  tbem  impart  to  the  glass 
cliaraeteristie  colore ;  and  these  reactions,  which  are  readily  ob- 
tained with  a  small  bead  of  borax  supported  by  a  loop  of  plat- 
inum wire,  are  useful  blow-pipe  tests.  It  is  also  used  for  solder- 
ing metals,  for  making  enamels,  for  fixing  colors  on  porcelain, 
and  as  a  flux  in  various  melallurgieal  processes.  The  ordinary 
crystals  contain  as  above  lO/^^O,  and  belong  to  the  monoclinic 
system ;  but  the  salt  can  be  crystallized  with  only  olf^O  in  oc- 
tahedrons belonging  to  the  isometric  system. 

153.  Boru;  Chloride,  JBOIs,  can  be  obtained  by  passing  chlo- 
rine gas  over  an  intimate  mixture  of  ^0^  and  carbon,  heated 
to  a  red  heat  in  a  porcelain  retort. 

£,03  +  SC-{-BCl-Cl=SC'0-\-2BC%.       [126] 

It  is  a  very  volatile  liquid  {Sp.  Gr,  1.35  at  7°),  boiling  at  17°, 
and  yielding  a  dense  vapor  whose  Sp.  Gr.,  as  found  by  experi- 
ment, is  5G.85 ;  chiefly  interesting  as  establishing  the  quanti- 
valence  of  boron.     It  is  at  once  decomposed  by  water. 

BCk  +  ^H^O  =  H^'Og^B  -\-  3HGI  [127] 

154.  Doric  Bromide.  BBr^,  prepared  like  (be  chloride,  is  a 
volatile  liquid  {Sp.  Gr,  2.69),  boiling  at  90°,  and  giving  a  vapor 
whose  Sp.  Gr.  has  been  found  by  experiment  equal  to  126.8. 
Decomposed  by  water  like  the  chloride. 

155.  Boric  Fluoride,  BF^,  is  best  prepared  by  intensely 
heating  a  mixture  of  B^O^  and  fluor-spar. 

2-fi,03  +  SCaFi  =  Ca^lO^W^  +  'iBF^        [128] 

A  colorless  gas,  whose  Sp.  Gr,  has  been  found  by  experiment 
equal  to  34.2,  This  gas  is  eagerly  absorbed  by  water,  which 
di.-isoives  seven  hundred  times  its  volume  and  forms  a  corrosive 
acid  liquid  called  horojluoric  acid,  whose  constitution  is  not  well 
understood.  If  its  composition  is  that  usually  assigned  to  it,  its 
formation  will  be  expressed  by  the  reaction 

2B^5  +  3H.,0  =  B.,03 .  BBF.  [129] 

The  same  compound  may  be  also  prepared  by 

in  HF  -\-  Aq,  and  then  concentrating  the  soiut 

If  borofluoric  acid  is  lai^ly  diluted  with  w 
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of  Ihe  boron  separates  in  the  form  of  boric  acid,  and  there  ia 
left  in  solution  what  has  been  called  hydrofluoboric  acid. 

2H^0i-B-\-  {^{HF.BFs)  +  ZH.O-^Aq).  [130] 

Hydrofluohoric  acid  forms  sahs  with  basic  radicals,  and  the 
compound  wifh  potassium  may  be  formed  by  the  action  of  boric 
acid  on  a  dilute  solution  of  potasslc  fiuoriiie. 

(8XF+  2H^^0^^B -[- Aq)  = 

2{KF.£F,)-i-(&K-0'Il-\-Ag).  [131] 

156.  Characteristic  Seactions,  —  The  peculiar  green  color 
which  boric  acid  imparts  to  an  alcohol  or  blow-pipe  flame  is  the 
best  indication  of  its  presence,  and  thia  test  is  made  slil!  more 
decisive  by  analyzing  the  colored  light  with  the  spectroscope. 
The  acid,  however,  must  iirst  be  set  free  before  t|je  reaction 
can  be  obtaiued.  In  many  of  its  relations  boron  resembles 
carbon. 


Questions  and  Problems. 

1.  Write  the  reaction  of  sulphuric  acid  on  solution  of  boras. 

2.  What  test  can  be  applied  to  determine  irhen  an  excess  of  sul- 
phuric acid  has  been  addrd? 

3.  Define  an  ortho  acid,  regarding  orthoboric  acid  as  a  type  of 
the  class. 

4.  Make  a  table  showing  the  relations  of  the  rarious  possible  de- 
rivatives of  boric  acid. 

5.  The  empirical  symbol  of  boracite  is  Mg^O^^B^.  What  is  its  ra- 
tional symbol,  and  what  is  its  relation  to  the  ortho-borates  ? 

S.  Boric  sulphide,  -BjSj,  may  be  prepared  by  passing  over  a  mix- 
ture of  carbon  and  boric  anhydride  the  vapor  of  carbonic  sulphide, 
CSr     Tbe  products  are  2B,S,  and  SCO.     Write  the  reaction. 

7,  Boric  sulphide  is  readily  decomposed  by  water,  giving  boric 
acid  and  sulphuretted  hydrogen.     Write  the  reaction. 

8.  In  reaction  [126]  what  double  afiinitiea  are  called  into  play? 

9,  In  what  respect  do  you  find  reaction  [131]  remarkable  ? 

10.  What  evidence  do  you  find  of  the  prevailing  quanlivalence  of 
boron  ?  Arc  there  any  facts  which  would  indicate  that  boron  is  a 
pentad? 
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Division  VHI. 

157.  NITROGEN.  JV=  14  — Pentad,  but  aa  frequently 
trivalent  cr  univalent.  Chief  coDStitueut  of  the  atmosphere; 
but  to  this  and  the  maleriaU  of  organized  beings  it  is  almost 
exclusively  confined.  It  is  the  characteristic  ingredient  of  ani- 
mal tissues,  which  are  composed  mainly  of  the  four  elements 
carbon,  hydrt^en,  oxj-gen,  and  nitrogen.  Vegetable  tissues,  on 
the  other  hand,  cousist  chieily  of  only  the  first  three  of  these 
elements ;  but  nitrogen  is  never  entirely  absent  from  plants,  and 
is  an  essential  ingredient  of  many  imporiant  vegelabie  products, 
as,  for  example,  of  the  albuminoid  compounds  and  of  the  vege- 
table alkaloids.  Nitrogen  is  marked  by  vie&k  afiinities,  and 
hence  lis  compounds  are  usually  unstable,  as  is  illustrated  by 
the  well-known  tendency  of  animal  substance  to  decay, 

158.  Nitrogen  Gas,  NiN,  constitutes  four  fifths  of  the  vol- 
ume of  the  atmosphere,  and  can  be  obtained  in  a  pure  condi- 
tion,-^ First,  by  slowly  or  rapidly  burning  phosphorus  in  a  con- 
fined volume  of  air.  Secondly,  by  passing  air  over  ignited 
copper-turnings,  which  combine  with  the  oxygen.  Thirdly,  by 
passing  chlorine  gas  through  a  solution  of  ammonia,  — 

(8H,N-{-Ag)-\-dCl'Cl=  iQJTtNCl -\- Aq) -\- 2r=N.  [132] 

Fourthly,  by  heating  ammonio  nitrite  or  a  mixture  of  potassic 
'c  chloride, — 


{H^RyO-NO  ^  iff.O  +  iTiiV.  [133] 

K-0-N0-\-ifftX')Cl  =  KCl+2ff,0-\-mK  [134] 

Nitrogen  gas  has  never  been  condensed  to  a  liquid  condition. 
According  to  Regnaull,  one  litre  of  nitrogen  gas,  under  standard 
conditions,  weighs  1.256167  grammes.  It  is  remarkable  for  its 
inertness,  and  one  of  its  chief  offices  in  the  atmosphere  is  to 
moderate  the  action  of  its  violent  associate.  The  only  element- 
ary substances  with  which  it  directly  combines  are  boron  and 
titanium.  Nevertheless,  nitrogen  has  a  great  capacity  for  com- 
bination, and  is  distinguished  by  the  large  number  and  varied 
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nature  of  its  compounds ;  but  these  can  only  be  formed  by  in- 
direct met  bods. 

Oxides  of  Mlrogen. 
Nitrous  Oxide  S^O, 

Nitric  Oxide  NO,  m 

Milrous  Anhydride    iV^^Os,  Nitrous  Acid     H-O-NO, 

Nitric  Peroxide  NO^,  v 

Nitric  Anhydride       N^O^         Nitric  Acid       HO-NO^ 

159.  Nitric  Acid.  HNO^.  —  When  electrical  discbarges  are 
passed  through  air  which  is  in  contact  with  caustic  or  carbo- 
nated alkalies,  or  when  organic  matter  decays  in  the  atmosphere 
under  the  same  conditions,  a  partial  union  of  the  elements  of  Ibe 
atmosphere  takes  place,  and  nitrates  of  potassium,  sodium,  or 
calcium  are  the  usual  result.  From  either  of  these  native  ni- 
trates, or  nitres,  the  acid  may  be  obtained.  It  is  usually  pre- 
pared by  distillation  from  a  mixture  of  sodic  nitrate  (127)  and 
sulphuric  acid. 
Na-0-NO,-\-Hi-OfSO.,  =  ir,Na-0,^SO.,-\-H-0-NO.,.  [135] 

One  molecule  of  sulphoric  acid  is  adequate  to  decompose  two 
molecules  of  nitre  ;  but  the  temperature  required  is  then  much 
higher,  and  the  nitric  acid  is  in  part  decomposed.  The  strong- 
est acid  thus  prepared  is  a  colorless,  fuming  liquid,  boiling  at  86° 
and  freezing  at  —49°.  Its  Sp.  Gr.  ^  1.552  at  20°.  It  is  un- 
stable, and  is  partially  decomposed  when  exposed  to  the  light 

AH-O-NO.,  =  2H.fi  4-  iNO^  +  6-0.        [136] 

The  remaining  acid  is  thus  diluted,  while  the  nitric  peroxide 
colors  it  yellow.  A  similar  decomposition  lakes  place  during 
the  distillation  of  the  acid.  This  decomposition  continues  until 
the  hydrate  2^^0j .  3FjO  is  formed,  which  is  far  more  stable 
and  distils  unchanged  at  123°.  This  is  the  common  strong 
nitnc  acid  of  commerce,  but  it  ia  not  a  definite  compound,  the 
composition  varying  with  the  pressure  under  which  the  acid 
distils.  A  still  weaker  acid  is  much  used  in  the  arts  under  the 
mme  of  aqua-forlis.  The  strength  of  the  acid  may  be  deter- 
mined from  Its  specific  gravity  by  means  of  tables  prepared  for 
the  purpose, 
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2 

Sp.  Gr. 

Per  Cent. 
HSO, 

Hn  o..         Percent. 
Hp.  ur.           j,j,o^ 

8p.  ar. 

UNO, 

1.600 

92.98 

1.395            G4.17 

1.228 

3G,28 

1.4  ?0 

82.71 

1.343            51.50 

1.165 

26.95 

1.435 

73.10 

I.2S9          45.62 

1.105 

17.62 

Nitric  acid  is  one  of  the  most  corrosive  agents  known.  Wilh 
a  veiy  few  exceptions,  it  oxidizes  all  the  elementary  substances, 
converting  (hem  into  oxides,  acids,  or  nitrates,  as  the  case  may 
be.  In  these  reactions,  as  a  general  rule,  nitric  oxide  is  evolred; 
but  the  products  vary  to  a  certain  extent  with  the  conditions  of 
tlie  experiments,  and  examples  will  be  Tound  under  the  differ- 
ent elements,  and  also  in  [107],  [142],  [151],  and  [156],  illus- 
trating the  different  phases  which  the  reaction  may  assume.  Ni- 
tric acid  corrodes  all  organic  tissues,  oxidizing  them,  and  forming 
various  products,  among  which  the  most  common  are  water, 
carbonic  acid,  and  oxalic  acid.  When  more  dilute,  it  stains  the 
skin,  wool,  silk,  and  other  albuminoid  bodies  of  a  bright  yellow 
color.  Very  strong  nitric  acid,  when  mixed  with  strong  sul- 
phuric acid,  acts  on  some  organic  compounds  in  a  very  remark- 
able way.  It  removes  one  or  more  atoms  of  hydrogen,  and  sub- 
stitutes an  equal  number  of  atoms  of  the  radical  NO.^  in  their 
place.     (31). 

G^II^-\-ff-0-NO^=  a„ff,(]fO,)  J^  ff,0.      [137] 

With  the  various  bases  it  forms  a  large  class  of  important  salts. 
"When  the  radical  is  univalent,  these  salts  have  the  general 
symbol  R-O-NOr  "When  the  radical  is  bivalent,  the  general 
formula  becomes  E'0.f(JfOi)i,  or  S-O^-N^O,.  Salts  of  these 
types  are,  in  the  ordinary  use  of  the  term,  the  normal  or  ortho- 
nitrates;  but,  theoretically,  nitrogen  is  capable  of  fixing  five 
univalent  radicals,  and  hence  some  chemists  regard  the  assumed 
compound -ffjiOjiA'' as  orthonitric  acid,  and  salts  of  that  type  as 
orthonitrates.  By  eliminating  from  this  orthoacid  first  one  and 
then  two  molecules  of  water,  we  obtain  the  following  anhydrides, 
the  last  of  which  is  the  ordinary  acid. 

Orthonitric  Acid       JJ'^tOjN;       or     H-O-NO^ .  21/^0, 
Metanitrie      "  HfO^^NO,    or     H-O-NO^.  H.fi, 

Dimetanilric "  HONOr 
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Salts  are  kuown  whosp  syrabola  may  be  written  on  all  these 
types,  but  they  may  also  be  written  on  the  ordinary  type  as 
well.     Tlius 

H.^BiW,\W  or  Bi^O^NO^H^ 


Such  dislinctions  are  of  no  practical  importance,  but  they  are 
of  value  in  pointing  out  the  many-aided  relations  of  our  subject 
Under  no  condition  does  potassic  hydrate  fojm  more  than  one 
salt  with  nitric  acid,  and  the  imporlant  theoretical  bearing  of 
thia  fact  is  evident. 

160.  Mtric  Aithydride,  N^O^  may  be  obtained  by  passing 
dry  chlorine  gas  over  dried  ai'gentic  nitrate  healed  to  95°. 

iAgN0s-[-'2Gl-Gi  =  iAgCl -\-2N^0,-\-  0-0.  £139] 

It  is  a  white  solid,  crystallizing  in  prisms  of  the  fourlli  system, 
melting  at  29° .5,  and  boiling  at  45°.  Very  unstable,  undergoing 
spontaneous  decomposition  in  a  sealed  glass  tube.  By  the  ac- 
tion of  water  it  forma  nitric  acid. 

N^O^  +  H^O  =  2ffJfOs.  [HO] 

161.  N'ilrov^  Aiihydride.  N^O^.  —  Best  prepared  by  the 
action  of  dilute  nitric  acid  {Sp.  Gr.  1.25)  on  starch.  Is  also 
formed  in  the  following  reactions :  — 

Ai,0,  4-  2HN0,  =  AhO,  +  N.,0,  +  H^O.     [lil] 

2Ag-Ag  +  ^NO,  =  UgNO,  +  N,0,  +  $H,0.  [142] 

45^?®  +  ®=®  =  2N^0s.  [143] 

In  each  case  brownish-red  fumes  are  formed,  which,  at  a  low 
temperature,  become  condensed  into  a  very  volatile  blue  liquid, 
boiling  at  about  0°.  "With  a  small  quantity  of  water  it  yields 
nilroua  acid,  H-O-NO,  but  a  large  quantity  at  once  decom- 
poses it. 

3if^0j  _J_  jr^O  =  4.N0  -f  SffiVO,.  [144] 

If  the  red  vapor  is  passed  into  a  Bolulion  of  polaasic  hydrate, 
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we  obtain  potassio  nitriie,  and  in  a  similar  way  other  nitrites 

may  be  made. 

(2KOS-\-Aq)  +  :N;0,  =  (2K-0-:N-0'\-ff,0-{-Aq).  [145] 

According  to  the  theory  of  (he  last  section,  ordinary  nitrous 
acid  U  the  first  anhydride  of  an  assumed  acid,  Ui^Of-Jf.  This 
would  be  called  oitli on i Irons  acid,  and  the  ordinary  acid  would 
then  be  mefanitrous  acid.  The  compound  Pli^lO^lN^  accord- 
ing to  thia  view,  is  plumbic  orthonitrite,  but  it  may  be  also  re- 
garded as  a  triplumbic  nitrite  of  the  ordinary  type  {Fh-Q-Pb- 
0-Pby0.f(NO)^ 

162.  Nitric  Peroxide,  NO^,  is  best  prepared  by  mixing  two 
volumes  of  nitric  oxide  with  one  of  oxygen  gas,  both  absolutely 

^^'  2SSf®  +  ®=®  =  2S5r®2.  [146] 

The  two  gases  when  mixed  immediately  combine,  yielding  a 
deep  hrowniah-red  vapor,  which,  if  passed  into  perfectly  dry 
tubes  cooled  by  a  freezing  mixture,  is  condensed  to  a  crystalline 
solid.  This  solid  melts  at  —9°  to  an  orange-colored  liquid, 
which  boils  at  23°,  but  when  once  melted  it  does  not  freeze 
even  at  — 20°.  The  substance  is  decomposed  by  water  with 
the  greatest  readiness.  A  mere  trace  of  water  is  sufficient  to 
prevent  the  formation  of  the  crystals,  occasioning  instead  the 
production  of  a  green  liquid,  which  appears  to  be  a  solution  of 
nitrous  anhydride  in  nitric  acid. 

^EO^  -\-ir,0  =  ^HNO^  +  K,0^.  [147  j 

If  a  larger  amount  of  water  is  present,  we  obtain  nilric  oxide 
in  place  of  nitrous  anhydride,  and  the  equation  becomes 

3JV0j  +  H/J  z=  2HN0,  +  NO.  [148] 

In  a  similar  way,  when  acted  on  by  metallic  hydrates  and  basic 
anhydrides,  it  yields  a  mixture  of  nitrate  and  nitrite.     Thus 

2K-0'H+  2N0,  =  K-O-NO  +  K-O-NO,  +  H.A  [149] 

Jlitric  peroxide  may  also  be  obtained  by  distilling  plumbic 
nitrate, — 

2Pb-0i{N0.^^  =  2PbO  +  iA'O,  +  O'O.      [150] 
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Owing  to  the  presence  of  a  little  moisture,  we  first  obtain  the 
green  liquid  mentioned  above,  but  towards  the  end  of  tbe  pro- 
cess the  anhydrous  peroxide  comes  over  and  may  be  crystallized. 
Nitric  peroxide  appears  also  to  be  formed  in  the  reaction  of 
nitric  acid  on  tin,  — 

Sn^  +  20 ffJfOs  =  ff,aO,<,Sn^O,  +  oH^O  -|-  20^0, ;  [ISlj 

but  in  this,  as  in  otiier  reactions  of  nitric  acid  on  the  metals, 
the  main  product  is  more  or  less  mixed  wiili  other  oxides  of 
nitrogen. 

1C3.  Ifilric  Oxide,  NO,  is  best  prepared  by  the  action  of 
dilute  nitric  acid  {Sp.  Gf.  about  1.2)  on  copper-turnings. 

{pCa(BO^^  4-  4^,0-1-  Aq)  +  'iNO.  [152] 

The  reaction  appears  lo  consist,  first,  in  a  metathesis  of  the 
metal  with  the  hydrogen  of  the  acid,  and  secondly,  in  the  re- 
duction of  a  further  portion  of  the  acid  by  the  hydrogen  thus 
liberated.  In  order  to  obtain  a  pure  product  it  is  important 
that  the  acid  should  be  in  excess.  Nitric  oxide  may  also  be 
obtained  perfectly  pure  by  heating  together  a  mixture  of  fer- 
rous chloride,  nilre,  and  liydrochlorie  acid. 

(GJ'.CT,  +  2A'irO,  +  8ffCT 4-  Aq)  = 

(3  Fe  i  Ck  +  2A  r?  -f  iff^O)  +  ZiPO.  [153] 

A  mixture  of  ferrous  sulphate  nitre,  and  dduie  sulphuric  acid 
{Sp.  Gr.  1.18)  may  al^o  be  u=el 

Nitric  oxide  is  a  colorle'is  permanent  pis  (Sp.  Gr.  =  15), 
but  slightly  soluble  in  water  (one  volume  of  water  dissolves 
one  twentieth  of  a  volume  oi  SO).  It  extmguiahes  a  burning 
candle,  but  both  ph.)=pborus  and  charcoal,  if  burning  vigorously, 
continue  to  bum,  and  with  great  intensity,  when  plunged  into 
the  ga".  It  ia  the  most  stable  of  the  oxides  of  nitrogen,  and  ia 
not  decomposed  by  a  red  heat.  It  is  neither  an  acid  nor  a  basic 
anhydride,  but  it  is  marked  by  its  avidity  for  oxygen,  with  which 
it  form=i  the  browni-h-red  fumes  either  of  NO^  or  of  N^O^  oo 
cording  to  the  proportions  present.  [143]  and  [146].  It  dis- 
solves freely  in  a  solution  of  ferrous  sulphate,  forming  a  deep 
reddish-brown  liquid,  from  which  the  gas  may  be  expelled  by 


oy  Google 


§165.]  NITROGEN.  239 

heat,  A  similar  product  may  be  obtained  with  other  ferrous 
salta,  and  tins  reaction  may  be  used  aa  a  test  for  oitric  acid. 

1G4.  Nitrous  Oxide,  N^O,  is  best  prepared  by  gently  beating 
ammonic  nitrate  in  a  glass  flask  or  retort. 

NH,-0-NO^  =  2H^0  -\-  N^O.  [154:] 

It  may  also  be  obtained  by  exposing  nitric  oxide  gas  to  the 
action  of  moistened  iron-filings,  which  absorb  one  half  of  the 
oxygen. 

4if0  —  0=0  =  2N^0.  [155] 

It  is  also  evolved  when  zinc  dissolves  in  dilute  nilric  acid,  or, 
more  surely,  when  a  mixture  of  equal  parts  of  nitric  and  sul- 
phuric acids,  diluted  with  eight  or  ten  parts  of  water,  is  used  for 
dissolving  the  metal. 

421-.  -i-  (lOffifO,  4-  Aq)  = 

{iZn{NO,),  +  off,0  +  Ag)  +  N,0.  [156] 

!Nitrous  oxide  is  a  colorless  gas  (Sp.  Gr.  22),  which,  by  pres- 
stire  and  cold,  may  be  condensed  to  a  colorless  liquid,  boiling  at 
-1-88°  and  freezing  by  its  own  evaporation  at  about  — 101°. 
It  is  less  stable  than  nitric  oxide.  It  is  decomposed  by  heat, 
and  all  combustibles  burn  in  it  with  nearly  the  same  readiness 
and  brilliancy  as  in  pure  oxygen  gas.  When  gure,  it  can  be  in- 
haled without  danger,  and  is  much  used  as  an  aniesthetic  agent. 
With  some  patients  it  produces  at  first  a  transient  intoxication, 
attended  at  times  with  uncontrollable  laughter.  Hence  the  pop- 
ul  na  e  of  laughing-gas.  It  manifests  no  lendeney  to  unite 
yi  I  mo  e  oxygen.  It  is  soluble  in  water  to  a  limited  extent, 
and  to  a  n  uch  greater  degree  in  alcohol.  At  0*  one  volume  of 
wat  r  d  olves  1.3  volumes,  and  one  volume  of  alcohol  4.18 
Tolumes  of  this  gas. 

16o  Oxyehlorides  of  Nitrogen.  —  If  in  reaction  [111]  no 
gold  or  other  metal  is  present  to  unite  with  the  chlorine  evolved 
by  the  aqua-regia,  thb  element  combines  with  the  nilric  oxide 
set  free  at  the  same  time,  and  besides  chlorine  gas  we  obtain,  as 
products  of  the  reaction,  two  compounds  which  we  may  call  ni- 
trous oxychlotide  and  nitric  oxydichloride  respectively. 

(aNOa  +  hHa-^Aq)  = 

{2H^0  -!-  Aq)  -{-  NOCl  +  Cl-Cl  [157] 
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or      {2HN0^  +  (SIICl  +  Aq)  = 

[iH^O  +  Aq)  +  2N0Ck  +  Cl-Cl.  [158] 

During  the  early  stages  of  the. decomposition  of  aqua-regia  the 
second  of  tlie  two  reacliona  prevails,  and  the  product  is  nearly 
pure  NOCli\  but  as  the  process  advances  ibis  becomes  more 
and  more  mixed  jvilh  NO  CI.  At  Ihe  ordinaiy  lemperature 
both  Bubstances  are  gases,  A'OCThaving  an  orange,  and  NOCl^ 
a  deep  lemon-yellow  color ;  but  by  cold  they  may  be  readily 
condensed  to  liquids,  which  have  a  red  color  and  resemble  each 
other  in  odor  and  aspect.  They  have  neither  acid  nor  hasio 
relalionfi,  but  are  readily  decomposed  by  chemical  agenls  into 
nitric  oxide  and  chlorine ;  and  by  mixing  together  these  two 
gasea  the  same  or  similai"  compounds  may  be  reproduced.  By 
the  action  of  dry  hydrochloric  acid  on  anhydrous  nitric  perox- 
ide, still  a  third  compound  is  formed,  which  lias  the  symbol 
HfOi  CI,  and  resembles  the  other  two.  The  last  compound  may 
also  be  obialned  by  mixing  phosphoric  oxy trichloride  with 
plumbic  nitrate. 

zPb-o-r{NOi\Ar^pock^Phio;i{PO)^+&No^a.  [i50] 

16G.  Compounds  with  Hydrogen. — Amnumia  Gas.  Nlf^ 
—  Nitrogen  and  hydrc^en  gases  will  not  directly  combine  ;  but 
through  various  indirect  methods,  not  well  understood,  this 
union  is  conslandy  taking  place  in  nature,  i 
the  chief  product.  This  gas,  or  some  one  of  its  n 
pounds,  is  constantly  formed  whenever  an  organic  substance 
decays  or  is  charred,  as  in  the  process  of  dry  distillation.  It  is 
also  formed  in  many  chemical  reactions  when  nitrogen  and  hy- 
drogen atoms  are  brought  together  at  the  moment  of  chemical 
change.  Thus  when  a  mixture  of  nitric  oxide  and  hydiogen 
gas  is  passed  over  heated  platinum  sponge,  we  have  the  reaction 

2N0  +  ^H-H^  2U,0  +  9-aV4  [160] 

So  also  when  nitric  acid  is  added  in  very  small  quantities  at  a 
time  to  a  mixture  of  zinc  and  dilute  hydrochloric  acid,  fi-om 
which  hydrogen  gas  is  being  slowly  evolved,  we  have  the  re- 

BNOs  +  4:ir-ff=  mi^-\- ZH.fi.  [161] 
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But  the  ammonia  thus  produced  unites  at  once  with  the  hydro- 
chbric  acid  present  to  form  amnionic  chloride,  and  in  a  similar 
way  ammonia  salts  are  frequently  formed  lo  a  limited  extent 
when  zinc  and  similar  melals  are  dissolved  in  nirricacid.  Prac- 
tically, we  always  prepare  ammonia  gas  from  the  commercial 
ammonic  chloride  by  the  reaction 

ilSIhCl  4-  Cd'OiH^  =  CaCl^  +  2ff,0  +  ^NH,.  [162} 

It  is  a  colorless  gas,  so  light  (Sp.  Or.  0.591)  that  it  can  be 
collected  in  an  inverted  bottle  by  di^placemeiiL  By  pressure 
and  cold  it  may  be  readily  condensed  to  a  liquid,  which  boils  at 
. — 38°.5  and  freeisea  at  — 75°.  The  evaporatioQ  of  the  lique- 
fied gas  is  attended  with  great  reduction  of  temperature,  and 
this  principle  is  applied  in  the  apparatus  of  Carre  to  the  artifi- 
dal  production  of  cold.  Ammonia  has  a  familiar  pungent  odor, 
and  is  useful  in  medicine  as  an  irritant,  but  when  pure  it  is 
wholly  irrespirable.  It  is  incombustible  in  air,  but  burns  in  an 
atmosphere  of  oxygen,  yielding  aqueous  vapor  and  nitrogen  gas. 

The  composition  of  ammonia  gas  may  be  thus  ascertained: 
First,  by  passing  a  series  of  electrical  -discharges  through  a 
confined  volume  of  the  gas  in  a  eudiometer  the  volume  doubles. 

2NH^  =  m]^-{-  BE-ff.  [163] 

If  next  we  add  to  this  product  one  half  of  its  volume  of  oxygen 
gas,  then  explode  the  mixture,  and  subsequently  remove  with 
pyrogallic  acid  the  residual  oxygen,  we  shall  find  that  the  vol- 
ume of  nitrogen  gaa  remaining  in  the  tube  is  exactly  one  half 
of  the  volume  of  the  ammonia  gas  with  which  we  started.  Sec- 
ondly, if  we  shake  up  in  an  eudiometer-tube  a  measured  vol- 
ume of  chlorine  gas  with  a  weak  solution  of  aqua  ammonia, 
taking  care  after  the  reaction  is  finished  lo  expel  by  heat  alt  the 
nitrogen  from  the  liquid,  it  will  be  found  that  the  volume  of 
chlorine  has  been  replaced  by  one  third  of  its  volume  of  nitro- 
gen gas. 

With  colored  test-paper  ammonia  gas,  even  when  dry,  gives 
a  strong  alkaline  reaction,  and  it  directly  combines  with  several 
of  the  acid  anhydrides.  These  unimportant  compounds,  however, 
must  not  be  confounded  with  the  important  class  of  ammonia 
salts.     In  part  they  correspond  to  the  amides  mentioned  below, 
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but  the  constitution  of  others  is  not  well  understood.  The  ]ast 
ai-e  frequently  called  ammonides,  and  of  these  sulphuric  ammon- 
ide  (NB^i .  SO3,  will  serve  as  an  example.  Ammonia  gas 
forms  also  equally  anomalous  compounds  with  many  anhydrous 
metallic  salts.  Thus,  ai;gentic  and  calcic  chlorides  absorb  large 
volumes  of  ammonia  gas,  forming  what  appear  to  be  molecular 
compounds,  J^CT.2/^aJV and  CaC^  . effjit;  in  which  the  am- 
monia seems  to  play  somewhat  the  same  part  as  water  of  crys- 
tallization in  ordinary  salts.  But  by  far  the  most  important 
quality  of  ammonia  is  its  power  of  combining  directly  with 
water  and  with  the  acids,  as  such,  to  form  the  large  cla^s  of 
ammonia  salts.  In  forming  these  compounds,  however,  nitro- 
gen changes  its  quanti valence,  and  it  will  therefore  be  conven- 
ient to  class  them  under  a  different  head,  "When  ammonia  gas 
comes  in  contact  with  the  fumes  of  a  volatile  acid,  the  formation 
of  the  ammonia  salt  gives  rise  to  a  dense  while  smoke,  which  is 
one  of  the  most  characteristic  tests  for  this  substanoe. 

167.  Amines  or  Compound  Ammonia. — Ammonia  gas  is 
the  type  of  a  large  class  of  compounds,  most  of  them  volatile, 
in  all  of  which  nitrogen  is  trivalenL  These  compounds  may  be 
regarded  as  derived  from  one  or  more  molecules  of  ammonia 
by  replacing  the  hydrogen  atoms  either  wholly  or  in  part  with 
various  positive  radicals.  According  as  they  are  fashioned 
after  the  type  of  one,  two,  three,  or  more  molecules  of  ammonia 
they  are  called  monamines,  diamines,  &c.,  and  they  are  distin- 
guished as  primary,  secondary,  or  tertiary,  according  as  one, 
two,  or  three  hydrogen  atoms  in  the  monamines,  or  the  corre- 
sponding groups  of  atoms  in  the  polyamines,  have  been  replaced. 
We  may  represent  the  type  of  ammonia  either  as  in  (29),  or 
more  graphically  in  the  vertical  form  as  in  table  below,  which 
contains  the  sytnbols  of  a  few  of  the  compound  a 


Monamines. 

PTimary.                                Secondary.  Teriiary. 

CH,}         C^H^)            C,H,~i         CJi^}  CllJ) 

h)        h)           h)        h)  cjO 
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Diamines. 


Primary,  Tertiary. 

R.-i  aff.)  CO)  c,H,  > 

ii'Vn,  hAn,         h,\^,  c,h,  \n, 

H,)  Hj  lO  {C,ff,),) 

imnionB,  Ethjlene  diaoiJnt  TJrei.  DleUiyteQC-Siethjl-fliiimiin!. 

Many  of  the  ammoniat«d  compounds  of  the  metals  may  be  ar- 
ranged under  this  same  type.  Thus,  when  potassium  is  heated 
in  dry  ammonia  gas,  an  olive-green  compound  is  formed,  which 
has  the  composition  K,H,H'N^i  and  other  esamples  will  be 
given  hereafter. 

The  amines  are  all  basic,  and  like  ammonia  gas  combine  di- 
rectly with  acids  to  form  salts ;  but  this  character  is  (he  less 
strongly  marked  in  proportion  as  the  lij'drogen  atoms  have  been 
replaced.  The  volatile  organic  bases  belong  to  the  same  class 
of  compounds. 

168,  Amides.  —  The  atoms  of  hydrogen  in  ammonia  gas 
may  be  replaced  by  negative  as  wtU  as  by  positive  radicals ; 
hut  then  the  product,  instead  of  being  ha-ic,  is  either  neutral 
or  acid.  They  are  classilied  and  named  like  the  amines,  but 
with  few  exceptions  only  one  or  one  set  of  the  hydrogen  atoms 
ca,n  be  thus  replaced.     The  following  are  a  few  examples :  — 

Monmnides.  Diamides. 

h\n  h\n  hAn^  ffA^2 

H)  h)  hJ  If,) 

These  compounds  may  also  he  regarded  as  formed  by  (he  union 
of  llie  compound  radical  amidogen  {HJ!^)  with  the  acid  radical, 
and  hence  the  name  amides.  They  differ,  then,  from  the  cor- 
responding acids  only  in  containing  amidogen  in  place  of  hy- 
droxyl.     Thus, 

Ho-C^H^O,      Ho-C,H,0,  Ho.fO^O^  Ho^-a.Efi^ 

KJfT-GJI^O,    H^N-G^H^O,    (,If^JV).fO^O^    {H,,N)fCJ[,0^ 
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These  amides  are  all  neutral ;  but  if  in  ihe  dibasic  acids  we  re- 
place only  one  of  the  atoms  of  hydroxyl,  it  is  evident  that  we 
shall  obtain  a  class  of  amides  alill  containing  an  atom  of  basic 
hjdrc^n,  and  whicb  are,  therefore,  acids.     Thus  are  foi-med 
HOMM-C,  0^  HO.H,N-  G,H,  0,. 

Lastly,  if  we  take  an  acid  like  lactic  acid,  HO,HO^CsHtO,  or 
glycoUic  acid,  HO,HO^GiHiO,  which,  although  diatomic,  is 
only  monobasic  (43),  we  can  obtain  from  each  acid,  at  least 
theoretically,  two  distinct  amides,  according  as  we  replace  the 
basic  hydrogen  {H)  or  the  alcoholic  hydrogen  (//).  see  (43). 
The  first  will  he  neutral,  the  second  acid;  but  although  several 
of  the  acid  amides  are  known,  the  only  neutral  amide  of  this  class 
which  has  been  investigated  is  that  derived  from  lactic  acid. 


From  these  various  amides  a  large  number  of  compounds 
may  be  derived  by  replacing  the  hydrogen  atoms  either  of  the 
amidogen  or  of  the  acid  with  different  compound  radicals.  The 
following  are  a  few  examples :  — 


HO-C,ff,0)  HO-C,H^O)  {aiI,)0-C,ff,0 

c,h,o\n  cji,}s-  h 

H)  H)  H 


The  last  two  compounds  are  isomerie,  the  only  difference  being 
that  in  the  first  the  radical  elhyl  replaces  an  atom  of  hydrogen 
of  the  amidogen,  white  in  the  second  it  replaces  the  alcoholic 
hydrogen  of  the  lactic  acid.  That  there  is  a  real  difference 
between  the  two  is  proved  by  the  following  reactions :  — ■ 

(C,ffJO,-C,H;0>  ff) 
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EO-CtHfif  CJI^) 

CM,  >N+  K-O-H  =  K.ff'0,^CJffi  +         HY  N.  [165] 


These  complex  amide  compounds  may  also  be  referred  to  a 
Bjstera  of  mixed  lypes.     (Compare  30,  Part  I.) 

IC3.  Imides.  —  If  from  aa  acid  monamide  we  eliminate  a 
molecule  of  water,  or  if  from  a  neutral  diamide  we  eliminate  a 
molecule  of  ammonia  gas,  we  obtain  as  the  product  a  compound 
which  may  be  regarded  as  formed  by  the  union  of  the  acid  rad- 
ical with  the  compound  radical  BW.     Tbu?, 

HO,H^N-QH^O  =  H-0-H+  HN-C^H,0.      [166] 

{H^)fC^H,0^  —  H^-{-  HN-C,H,0^        [167] 

Snch  compounds  are  called  Imides,  and  they  always  act  as 
monobasic  acids. 

170.  Mlriles.  —  If  from  a  neutral  monamide  we  eliminate 
a  molecule  of  water,  the  residue,  which  may  be  regarded  as  a 
compound  of  nitrogen  with  a  trivalent  radical,  has  been  called 
a  Mtrile.     Thus, 

HJsf-C^B^O  =  H^O  4-  CM-i^-  [168] 

I^N-C,H^0=^H^0~\-C,H^-N:  [169] 

These  compounds  are  weak  bases,  like  ammonia,  combining  di- 
rectly with  acids  to  form  salts,  and  they  may  be  regarded  as  a 
part  of  the  class  of  amines. 

171.  Ammonium  Compoundi.  —  In  all  the  above  compounds 
nitrogen  is  trivalent,  and  a  single  atom  of  this  element,  unas- 
sisted, does  not  appear  to  be  able  to  liold  together  more  than 
three  atoms  of  hydrogen  or  of  other  univalent  positive  radicals ; 
but  when  the  ditfereni  ammonias  are  brought  in  contact  with 
acids,  the  nitrogen  atoms  suddenly  manifest  two  additional  af- 
finities, and  a  most  important  class  of  compounds  is  formed, 
in  which  nitrogen  is  quinquivalent.  The  cause  of  this  sndden 
accession  trf  power  is  not  well  understood,  but  it  evidently  de- 
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pends  on  the  reflex  influence  which  the  negative  atoms  or  rad- 
icals of  the  acids  exert.  In  all  these  cases  the  ammonias  com- 
bine with  the  acids  as  a  whole,  and  the  reaction  is  an  example 
of  synthesis  and  not  of  metathesis.  The  foUowing  are  a  lew 
examples :  — 
N-^H^  +  HOl=miI„Cl  =  NH,-Gl      like        KCL  [170] 

N^.H,+  H,0=mi£JBO)=NH,-0'H  like  K-OH.  [171] 

2f.H^  _|_  H-NO^  =  mJI„(NO,)  = 

NHfO-NO,  like  K-O-NO^.  [172] 

{N'II,)fOfSOi  like  EfO-fSO^  [173] 

The  products  thus  obtained  resemble  very  closely  the  salts  of 
the  alkaline  metals.  *iVi[h  certain  limitations  they  are  suscep- 
tible of  the  same  reactions,  and  in  these  reactions  the  atomic 
group  NHf  plays  the  same  part  as  the  metallic  atoms  in  the 
other  salts.     Thus  we  have 

(Ag-NO^  -\-  NHcCl  +  Aq)  ^ 

JgCl  -\-  {NHi-WO,-{-  A<]).  [174] 

{CaCl^  -\-  iNIf;)^^0.rCO  4-  Aq)  = 

Ca'0./GO  -\-  (2]SriftCl-Jr  Aq).  [175] 

Hence  we  conclude  that  the  ammonia  salts  are  compounds  of 
this  univalent  radical  which  we  call  ammoniuin,  and  therefore 
we  write  their  symbols  as  above.  But  although  many  attempts 
have  been  made  to  obtain  the  radical  substance  corresponding 
to  NIl„  ihese  attempts  have  been  hitherto  unsuccessful.  It  is 
true  that  when  we  electrolyze  a  solution  of  ammonic  chloride, 
using  as  the  negative  pole  of  the  battery  a  quantity  of  mercury, 
we  obtain  a  material  resembling  a  metallic  amalgam,  which, 
when  kept,  slowly  changes  back  to  metallic  mercury,  evolving 
a  mixture  of  hydrogen  and  nitrogen  gases ;  but  it  would  now 
appear  that  in  this  pasty  mass  the  gases  are  merely  mixed,  and 
not  chemically  combined,  and,  moreover,  the  total  amount  of 
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material  which  the  mercury  thus  singularly  encloses  is  exceed- 
ingly small. 

172.  Ammonic  Chlmide  {Sal  Ammoniac),  NH,Ol,  u  the 
most  importaut  of  the  ammonia  sails,  and  the  material  from 
whicli  lUe  other  ammonia  uumpounda  are  prepared.  It  is  man- 
ufactured in  lai^e  quantities  from  the  aiuraoniacal  liquid  of  the 
gas-worlis,  one  of  the  products  of  the  dry  distillation  of  coal. 
It  is  a  white  cryaialiine  salt,  very  soltthle  in  water,  but  only 
slightly  soluble  in  alcohol.  It  sublimes  below  redness  without 
first  melting.  It  is  iitoinorphous  witli  sodic  and  potassic  chlo- 
ride, and  resembles  these  salts,  especiidly  the  last,  very  elosely. 
Like  potassic  chloride,  it  is  precipitated  from  aqueous  solutiona 
by  platiuic  chloride,  with  which  it  forms  a  double  salt  insoluble 
in  water. 

{^NHtai-\-PiCl,-\-Aq)  =  {NH,Gl)^.PtGl,-\-{Aq).  [176] 

173.  Ammonic  Hydrate  {Aqua  Ammonia).  {WHi-O-H -\- 
Aq.)  —  At  0'  water  absorbs  1,050  times  its  own  volume  of  am- 
monia gas,  hut  the  quantity  absorbed  rapidly  diminishes  as  lie 
temperatui-e  rises,  so  that  at  15°  it  can  only  hold  727  times  its 
volume,  and  at  24°  600  times  its  volume.  Water  saturated  at 
15°  contains  about  one  third  of  ils  weight  of  ammonia,  but  in 
consequence  of  the  great  expansion  which  attends  the  absorp- 
tion, the  solution  is  lighter  than  water.  This  solution  has  the 
pungent  odor  of  ammonia,  because  the  gas  slowly  escapes  even 
at  the  ordinary  temperature  of  the  air,  and  by  prolonged  boiling 
the  whole  may  be  driven  off.  In  this  and  in  other  physical  re- 
lations the  compound  of  ammonia  with  water  acts  like  the  solu- 
tion of  a  ga",  but  in  all  its  chemical  relations  it  behaves  like  an 
alkaline  hydrate.  It  is  strongly  caustic;  it  precipitates  metallic 
hydrates  from  solutions  of  their  salts,  and  is  very  much  used  in 
the  laboratory  as  an  alkaline  reagenL  It  has  been  called  the 
volatile  a^ali.  It  differs,  however,  from  the  _fixed  alkalies,  soda, 
and polassa,  in  two  important  particulars.  First,  it  is  decora- 
posed  by  heat  into  ammonia  gas  and  water,  and  is  not,  therefore, 
properly  speaking,  volatile.  Secondly,  it  forms  with  many  me- 
tallic radicals  soluble  double  sails,  and  other  compounds  of  pecu- 
liar constitution,  which  can  have  no  counterparts  among  the  com- 
pounds of  the  alkaline  metals.  Hence  it  is  that  in  many  im- 
portant particulars  the  reactions  of  the  ammonia  salts  are  wholly 
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different  from  ihose  of  the  corresponding  salta  of  eodiuia  and 
potassium.  They  either  do  not  giye  preeipitatBS  under  the 
same  conditions,  or  the  precipitates  obtained  have  a  wholly  dif- 
ferent character.  Compare  [174],  [175],  with  {2Go)  (276) 
and  (316). 

174.  AmTnonic  Carbonate,  (JfIQ.fO.fC0.  Acid  Jmmomc 
Cwbonate,  H,{NH^y0.fCO.~  My  subliming  a  mixture  of 
ammonic  tbioride  wiih  calcic  carbonate,  we  obiain  a  translucent 
white  solid,  whicli  is  called  ammonic  sesquicarbonate,  and  haa 
the  symbol  {NH,),tO^^{C-0.fC-~OiG).  It  is  very-  soluble  in 
water,  has  the  odor  ol'  ammonia,  and  a  sirong  alkaline  I'eaelion. 
The  saturated  solution,  when  exposed  to  a  temperature  of  0°, 
deposits  large,  transparent,  octahedral  crystals  of  the  fourth  Fys- 
t«m,  having  the  composition  H.^{NHiU0}(CO\  .  'i.H^O.  By 
passing  through  the  same  solution  CO^  the  salt  is  wholly  con- 
verted into  the  acid  carbonate,  which  can  be  obtained  in  well- 
defined,  permanent  ci'ystals ;  and  when  the  sublimed  salt  is  es- 
posed  lo  the  air,  itlosesammoniagas.ahsorbs  water,  and  becomes 
coated  with  a  white  spongy  crust  of  the  same  compound.  The 
neutral  carbonate  has  not  been  obtained  in  the  solid  form  j  hut 
a  solution  corresponding  to  this  sail,  at  least  in  composition,  is 
readily  prepared  by  mixing  a  solution  of  the  se^^i^iiicarbonale 
with  the  requisite  amount  of  aqua  ammonia,  and  is  very  mucb 
used  in  the  laboratory  as  a  recent. 

175.  Characterislic  Eeaetiona  of  the  Ammonia  Sails.  — 
These  compounds,  when  healed  with  caustic  alkalies  or  alkaline 
earths,  give  olT  ammonia  gas,  which  may  be  recognized  by  its 
odor,  or  by  the  cloud  it  forms  with  HGl.  The  ammonia  ?alu 
are  all  volatile  at  a  moderate  temperature  (except  in  the  few 
cases  in  which  the  acid  is  fixed),  and  are  thus  readily  distin- 
guished from  those  of  (he  non-volatile  bases.  This  quality  is 
of  great  importance  in  chemical  analysis,  and  leads  us  to  select 
the  ammonia  salts,  whenever  it  is  possible,  as  reagents,  because 
the  excess  of  the  reagent  and  all  the  ammoniacal  products  can 
BO  readily  he  eliminated  by  heat. 

176.  Ammoni'am  Bases.  — The  salts  formed  by  the  union 
of  the  compound  ammonias,  or  amines,  with  acida,  closely  re- 
semble Ihose  of  ammonia,  and  may  be  regarded  as  consisting  of 
radicals  derived  from  ammonium  by  replacing  one  or  more  of 
its  hydi-ogen  atoms  with  other  positive  radicals.     Of  these  com- 
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pounds  tbe  most  interesting  are  those  corresponding  to  ammonic 
hydrates,  but  in  which  all  four  of  tlie  liydrogen  atoms  have  been 
thus  replaced.  They  may  be  prepared  from  the  tei'iiary  amines 
in  a  manner  which  is  iliustrated  by  the  following  reactions:  — 


Ag,0  +  2  [( C,/r,) A-/]  +  H,0  = 

2AgI-{-2{i{C^H,),NyO-H).  [178] 

The  solutions  of  the  amines  in  water,  although,  like  aqua 
ammonia,  they  may  be  regarded  as  compounds  of  an  ammo- 
nium radical,  are  decomposed  when  evaporated  into  the  volatile 
amine  and  water,  and  it  might  have  been  anticipated  ihat  the 
hydrate  of  tetralhyi-ammoniura  would  break  up  in  a  similar  way, 
but  such  is  not  the  ca*e.  This  compound  is  stable,  and  on 
evaporating  ihe  solution  resulting  from  the  last  reaction  the 
hydrate  is  obtained  as  a  white  solid  resembling  caustic  potash. 
It  absorbs  waler  and  carbonic  acid  from  the  air ;  it  precipitates 
the  metallic  oxides  from  their  salts ;  it  saponifies  fats,  and  it 
neutralizes  tbe  strongest  acids,  just  as  potash  does.  Several 
similar  compounds  have  been  prepared ;  and  since  it  appears 
that  the  four  hydrogen  atoms  of  ammonium  maj'  be  replaced 
by  the  same  or  by  different  atoms  at  will,  it  is  evident  that  an 
infinite  number  of  such  compounds  are,  theoretically  at  least, 
passible.  These  hydrates  have  a  bitter  taste,  and  cannot  be 
volatilized  without  decomposition.  In  both  of  these  particulars 
they  very  closely  resemble  the  more  volatile  organic  alkaloids, 
which  are  evidently  formed  after  the  same  type.  There  are, 
therefore,  two  classes  of  bases  derived  from  ammonia ;  the  one 
volatile,  after  the  type  of  H^N ;  the  other  non-volatile,  after  ihe 
type  of  NHfOH;  aiid  corresponding  to  these  there  are  two 
classes  of  organic  alkaloids,  the  first  volatile  like  nicotine  and 
conine,  the  second  non-volatile  like  quinine  and  morphine.  In 
all  these  bases  the  parts  are  grouped  around  one  or  more  atoms 
of  nitrogen,  and  the  difference  between  the  two  classes  of  com- 
pounds depends  primarily  on  the  fact  that  these  atoms  are  tri- 
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volent  in  (lie  iirst  class  and  quinquivalent  in  the  second.  The 
two  claBses  of  compounds  are,  however,  inlimately  related,  and 
may  be  regarded  from  different  points  of  view.  Thus  the 
amides,  icnides,  and  nitriies,  which  we  have  considered  as  formed 
after  the  lype  of  ammonia  gas,  may  also  be  regarded  as  anhy- 
drides of  the  ealts  of  the  ammonium  radicals,  and  in  many  eases 
may  be  prepared  from  these  salts  by  a  simple  process  of  dehy- 
dration. Moreover,  careful  study  will  open  up  many  other  re- 
lations of  ihese  bodies,  all  of  which  must  be  considered  before 
we  can  command  a  comprehensive  view  of  the  subject. 

177.  Chloride  of  Nitrogen,  NGl^  is  a  very  volatile,  yellow, 
oily  liquid,  obtained  by  the  action  of  chlorine  gas  on  a  strong 
solution  of  sal-ammoniac. 

178.  Bromide  of  Nitrogen,  NBr^,  is  obtained  by  digesting 
bromide  of  potassium  with  chloride  of  nitrogen,  and  is  oiniilar 
to  the  last  in  appearance,  but  has  a  much  daiker  color. 

179.  Iodide  of  Nitrogen,  JV/j,  is  a  black  powder,  formed 
when  aqua  ammonia  is  added  in  lai^e  excess  lo  an  alcoholic 
solution  of  iodine.  They  ai'e  all  three  highly  explosive,  and 
illustrate  in  a  most  marked  manner  the  instability  of  all  the 
compounds  of  nitrogen. 

180.  PHOSPHORUS.  Pz=31.  —  Foandin nature. chiefly 
in  combination  with  calcium,  in  calcic  phosphate,  a  mineral  sub- 
stance very  widely  but  sparingly  disseminated,  and  an  essential 
but  subordinate  constituent  of  many  plants,  and  of  all  the  higher 
animal  structures.  In  order  lo  obtain  the  elementary  substance, 
the  calcic  phosphate  (generally  bone  ashes)  is  first  partially  de- 
composed with  sulphuric  acid.  The  mlulAe  acid  calcic  phosphate 
thus  obtained  is  easily  separated  from  the  nearly  insoluble 
calcic  sulphate,  by  filtration.  The  solution  is  then  evaporated, 
the  acid  phosphate  mixed  with  pulverized  charcoal,  and  the 
thoroughly  dried  mass  distilled  in  earthen  retorts.  The  distil- 
lation proceeds  slowly,  and  requires  a  very  high  temperature. 

2Ca-0fS0^+  ff„CalOci(PO)^ 
When  dried,  ir^,CiiW^HP0)i=Ca-0./(P0,)t-\-2ff^0p'^^^ 
&Ca^0.f(PO^-^-{-  C„=  Ca^tO^t(PO)^ +  10 CO -\-P,. 

181.  Common  Phosphorus,  P„  when  perfectly  pure,  is  a 
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colorless,  transparent  solid,  but  ordinarily  it  lias  a  yellowish  tint, 
aod  is  only  translucent.  At  low  temperatures  it  is  brittle,  but 
at  20°  it  is  soft  like  wax.  It  melts  at  45%  and  ^boils  at  290°. 
Sp.  Gr.  of  solid  1.83.  Insoluble  in  water,  slightly  soluble  in 
alcohol  and  etber,  still  more  soluble  in  both  ihe  fixed  and  vola- 
tile oils,  and  very  soluble  in  sulphide  of  carbon  or  chloride  of 
sulphur.  Phosphorus  is  by  far  (he  most  combustible  of  the 
chemical  elements.  It  takes  fire  below  the  boiling  point  of 
water,  and  slowly  combines  with  the  oxygen  of  the  air  at  the 
ordinary  temperature.  If  in  not  too  small  quantity,  the  heat 
evolved  by  its  slow  combustion  soon  raises  tlie  temperature  to 
the  point  of  ignition,  and  it  is  therefore  always  preserved  under 
water  or  alcohol.  The  product  of  the  rapid  combustion  is 
phosphoric  anhydride ;  (hat  of  the  slow  combustion  in  moist 
air  chiefly  phosphorous  acid.  Exposed  to  the  air  in  the  dark, 
phosphorus  emits  a  greenish  light,  and  hence  its  name,  from 
^t  ^opot;  but  this  phosphorescence,  though  always  accompany- 
ing the  slow  combustion,  does  not  appear  to  be  necessarily  con- 
nected with  it.  Sticks  of  phosphorus,  when  kept  under  water, 
become  covered  after  some  time  with  a  while  crust,  which  con- 
sists of  a  mass  of  microscopic  crystals;  and  in  the  course  of 
many  years  these  crystals  may  acquire  considerable  size.  The 
form  of  the  crystals  is  the  regular  dodecahedron  of  the  first  sys- 
tem (Fig.  6),  and  crystals  of  Ihe  same  form  are  obtained  by 
slowly  evaporating  the  solution  of  pho-phorus  m  sulphide  of 

182,  Red  Phosphorm.  —  Exposed  to  the  direct  sunlight 
under  water,  phosphorus  becomes  covered  with  a  red  coating, 
and  Ihe  .'ame  red  modification  is  formed  in  great  abundance 
when  ordinary  phosphorus  is  heated  for  several  hours  to  a 
temperature  below  235°  and  250°  in  an  atmosphere  of  carbonic 
anhydride,  or  some  other  inert  gas.  Eed  phosphorus  is  insol- 
uble in  carbonic  sulphide,  and  is  thus  easily  separated  from  the 
portion  which  has  not  been  changed.  Iodine  facilitates  the  con- 
Tersion,_and  if  a  solution  of  phosphorus  in  sulphide  of  carbon, 
containing  a  little  iodine,  is  sealed  up  in  a  glass  flask  and  heated 
for  some  lime  lo  only  100°,  red  phosphorus  is  slowly  precipi- 
tated. As  usually  obtained,  red  phosphorus  is  an  amorphous 
powder;  but  it  has  been  crystallized,  and  it  appears  that  the 
crystals  are   rhombohedrons  belonging  to   the  third  system. 
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Hence  phosphorus  is  dimorphous,  and  in  tliis  respect  resembles 
arsenic  aod  antimony.  The  Sp.  Gr.  of  red  phosphorus  is  about 
2.1.  It  undergoes  no  change  in  dry  air,  and  may  even  be 
heated  to  2.10°  without  taking  fire;  but  at  a  slightly  higher 
temperature  it  changes  back  to  common  phosphorus  and  in- 
flames. The  spedlic  heat  of  red  phosphorus  is  0.1700,  while 
that  of  tlie  oi-dinary  variety  is  0.1387  ;  and  hence,  as  we  should 
anticipate,  this  reverse  change  is  attended  with  the  evolution  of 
heat.  Moreover,  the  calorific  power  of  common  phosphorus  is 
to  that  of  red  phosphorus  in  the  proportion  of  1.15  to  1.  In 
general,  red  phosphorus  is  less  active,  chemically,  than  common 
phosphorus,  and  is  not,  like  the  latler,  poisonous.  Both  varie- 
ties are  lai^ely  used  in  the  manufaciure  of  friction-matclies. 
The  red  variety  is  not  used  in  milking  the  match  itself,  but 
only  in  the  preparation  of  the  surface  on  which  it  is  rubbed. 
183.  Phosphorus  and  Oxygen.  —  Tlie  following  compounds 
of  phosphorus  wiih  oxygen,  or  with  botli  oxygen  and  hydrogen, 
have  been  observed:  — 

Phosphorous  Anhydride  PjOj, 

Phosphoric  Anhydride  P^O.^ 

Hypophosphorous  Acid  H-  0-{Pi  0,H^), 

Phosphorous  Acid  IIfO^^{P^O,H), 

Onhophosphoric  Acid  HfOi{P--0), 

Metaphosphoric  Acid  H-0-(PWj), 

Pyrophosphoric  Acid  Il,W,i(P-^Os^P), 

Sodium  salt  of  Hexabasic  Acid  JVa^iOsilp- O^^P^ O^P^ OfP), 

SodiumsaltofDodecabasicAeid  JV"aK'«'>i3'"(^ioOi.j). 

The  relations  of  these  compounds  will  be  best  understood 
by  taking  as  our  first  starting-point  an  assumed  compound, 
H^lO^lP,  in  which  the  atoms  of  phosphorus  are  united  to  hy- 
droxyl  by  all  their  five  afRriities,  Ortlio^  and  metaphospliorie 
acids  are  now  simply  the  successive  anhydi'Ides  of  this  pent- 
atomic  acid.  Slatting  next  from  the  double  moiecule  of  our 
assumed  compound,  ihe  following  anhydrides  are  possible  T — 

-ffio-0,o'A,  Stl-        HiWf-(.P'fh'-P), 

1st.        ffs'mOs-m{P-0-P),  4th.       B^^O./(_PiO,tP), 

2d.  mO^\P^OfP),  5rh.  {PtO.iP). 

'  The  asEtimed  pentatomic  oeid  is  by  some  caUed  orlliopliosplioric. 
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Of  these  possible  compounde  the  second  and  fourth  are  identical 
wiih  orlho  and  meto-phosphoric  acids,  of  whicli  tlie  symbols  rep- 
resent two  molecules,  while  the  third  and  the  fiith  are  Ihe  pyro- 
phosphoric  add  and  phosphoric  anhydride  of  the  above  list. 
Tlie  first  anhydride  of  this  series  has  not  yet  been  observed. 
In  like  manner  we  may  lake  ibree,  four,  or  moi-e  molecules  of 
the  first  compound,  and  deduce  from  eacli  of  these  condensed 
molecules  another  series  of  anliydrides ;  but  of  the  infinite  num- 
ber of  compounds  thus  possible,  only  the  salts  of  the  Iiexabasic 
and  dodecabastc  acid  mentioned  above  are  known.  This  scheme, 
however,  does  not  include  hypophospborous  and  phosphorous 
acids,  which  have  an  anomalous  constitution.  They  may  be 
regarded  as  orthophosphoric  acids  in  which  atoms  of  hydroxyl 
(two  in  the  first  caee  and  one  in  the  second)  have  been  replaced 
with  atoms  of  hydrogen.  The  molecules  of  both  acids  contain 
three  atoms  of  hydrogen,  but  the  first  is  only  monobasic  and  tVi 
second  dibasic;  and  this  fact  illustrates  an  important  principle. 
In  all  the  so-called  oxygen  salts,  only  tliose  atoms  of  hydrogen 
are  replaceable  by  metallic  atoms,  which  are  united  to  the  neg- 
ative radical  by  a  vinculum  consisting  of  an  equal  number  of 
oxT/gen  atoms.  The  hydi'ogen  and  oxygen  atoms  thus  p^red 
are  equivalent  to  so  many  atoms  of  the  radical  hydroxyl  [70]. 
Phosphorous  anhydride  is  the  only  one  of  this  class  of  com- 
pounds in  which  the  phosphorus  atoms  are  not  quinquivalent. 

184.  Phogpkoric  Anhydride  is  readily  prepared  by  burning 
phosphorus  in  dry  air.  It  is  an  amorphous  white  powder,  hav- 
ing an  intense  affinity  for  water,  and  is  sometimes  used  as  an 
hygroscopic  agent  It  hisses  when  dropped  into  water,  and 
gives  a  solution  of 

185.  Metnpkofpkoric  Acid.  —  This  compoujid  is  obtained  as 
a  vitreous  solid  (glacial  phosphoric  acid)  by  heating  orthophos- 
phoric acid  to  redness.  Its  solution  coagulates  albumen,  and 
one  molecule  of  the  acid  saturates  only  one  molecule  of  sodJc 
hydrate.  By  boiling  the  solution  the  acid  loses  its  power  *of 
coagulating  albumen,  and  acquires  greater  capacity  of  satura- 
tion, having  changed  into 

18G.  OrthopJiosphoric  Acid.  —  This  is  much  the  most  im- 
portant of  these  compouuds.  It  is  readily  prepared  by  boiling 
phosphorus  in  not  too  strong  nitric  acid,  and  evaporating  the 
liquid  product  to  the  consistency  of  syrup.     The  orilinary  phoa- 
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phates  are  all  sails  of  ihis  acid,  and  one  moSecule  of  acid  is  ca- 
pable of  saturating  three  molecules  of  base.  Many  of  the  phos- 
phates are  thus  constituted,  and  these  are,  theoretically  (38), 
the  neutral  salts  ;  but  evidently  we  may  also  have  for  each  base 
two  add  salts.     Thus  in  the  case  of  soda  we  have 

Na^^O^^PO,  M,Na,^0>^PO,  H^a-O^'-PO; 


Ca^lOAPO)^        ff^Ca,l0^l{PO)i,        If„Cal0^l(PO)r 

Hei-e,  as  in  many  other  cases,  a  diatomic  raetal  serves  to  solder 
together  two  molecules  of  the  acid. 

187.  Common  Sodie  PhosphaU,  ffMa^^O^^PO  .  IIH^O,  is 
by  far  the  most  impoi'tant  of  the  salts  which  phosphoric  acid 
forms  with  the  bases  previously  studied.  It  is,  moreover,  the 
chief  soluble  salt  of  the  acid,  and  is  much  used  in  the  laboratory 
as  a  reagent.  It  is  also  highly  interesting,  theoreticall}',  be- 
cause it  illustrates  by  its  reactions  the  relations  we  have  just 
been  considering.  A  solution  of  the  salt  is  neutral  to  test-paper, 
but  when  mixed  with  a  solution  of  argentic  nitrate,  nl,-o  per- 
fectly neutral,  we  obtain  a  yellow  precipitate  of  argentic  phos- 
phate, Aga'O^^PO,  and  at  the  same  time  the  solution  becomes 
acid,  lluat  now  the  salt  lo  1 20°,  and  it  will  be  found  that  it  loses 
twelve  molecules  of  water;  but  when  the  dried  mass  is  dissolved 
in  water,  and  the  solution  evaporated,  we  obtain  crystals  of  the 
same  form  (rhombic  prisms.  Fig.  45)  and  composition  a?  before, 
and  which  give  ag&in  the  same  reaction.  But  heat  the  same 
salt  to  a  red  heat,. and  we  have  8  wholly  different  result.  The 
salt  has  lost  thirteen  molecules  of  water ;  the  residue  is  less 
soluble  than  before.  On  evaporation  we  obtain  crj-stals  of  a 
different  form  and  composition  (ifaiPaO,  .lO/T^O),  and  the 
solution,  after  precipitation  with  ai^entic  nitrate,  although  pre- 
viously alkaline,  becomes  neutral.  Moreover,  the  precipitate, 
instead  of  being,  yellow,  is  white,  and  has  the  composition 
Ag,PiOj. 

188.  MicTOcomic  Salt.  HJfH^^J^a'-OtPO .  iH^0.  —  1f  ws 
miK  together  hot  saturated  solutions  of  common  sodio  phosphate 
and  sal  ammoniac,  we  obtain  the  following  reaction  ;  — 

m^a^^O^^PO  -f  NH,C!.  ilf.O  +  Aq)  = 

H,NH„Na-'0,-PO.m,0+{NaCl-irAci).  [180] 
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As  tlie  solution  cools,  the  microcosmic  salt  crystallizes  out,  leav- 
ing sodic  chloride  in  solution.  This  salt,  when  ignited,  loses 
both  its  water  and  its  ammonia,  and  the  sodio  metaphospbate, 
which  remains,  fuses  into  a  colorless  glass  at  a  red  heal.  Tliia 
glass  acts  very  much  like  boras,  and  is  used  in  the  same  way 
as  a  blow-pipe  flux. 

189.  Pltosphorus  and  Hydrogen.  —  When  phosphorus  is 
boiled  with  strong  potash  or  soda  lye,  or  with  iniik  of  lime,  a 
gas  is  evolved,  called  phoaphuretted  bjdrogen,  which  on  com- 
ing in  contact  with  the  air  inflames  spontaneously.  This  gas 
consists  almost  entirely  of  the  compound  H^P  ;  and  when  soda  is 
used,  the  reaction  by  which  it  is  formed  is  as  foUows :  — 

Pi  +  {ZNa-0-H-\-  3^j(9  +  Aq)  ~ 

i^ZNa-O-POH.,  +  Aq)  +  H^P.  [181] 

This  crude  product,  however,  is  not  pure  ff^P;  for  when  it  is 
passed  through  a  tube  cooled  by  a  freezing  mixture  it  deposits 
a  small  amount  of  a  very  volatile  yellow  liquid,  whicli  has  been 
found  to  be  a  second  compound  of  phosphorus  and  hydrogen, 
fffP^  and  has  the  property  of  inflaming  spontaneously  to  a  high 
degree.  Moreover,  (he  gas  thus  treated  loses  its  power  of  self- 
lighting,  and  this  quality  in  the  crude  product  is  evidently  due 
to  a  small  admixture  of  the  liquid  substance.  When  exposed 
to  the  direct  sunlight,  the  liquid  compound  gives  off  ff^P,  and 
deposits  a  yellow  solid,  which  is  a  third  compound  of  phospho- 
rus and  hydrogen,  ff-iPf. 

bH^P^  =  ff^Pt  +  SB^P.  [182] 

This  same  solid  compound  is  deposited  on  the  sides  of  the  ves- 
sel when  the  crude  product  first  mentioned  is  exposed  to  the 
snniiglit,  and  in  this  case,  also,  the  gas  loses  its  self-lighting 

There  are,  then,  three  distinct  compounds  of  hydrogen  and 
phosphorus.  But  of  1-hese  the  first  is  by  far  the  most  impor- 
tant, and  the  other  two  are  chiefly  interesting  as  explaining  the 
singular  phenomena  just  noticed.  The  compound  Jf^P  is  the 
analogue  of  ammonia  gas,  and  differs  from  it  in  composition  only 
in  containing  in  the  place  of  nitrogen  the  next  lower  element 
of  the  same  chemical  series.     But  the  differences  in  properties 
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are  so  great  that  to  superficial  observation  it  would  seem  as  if 
there  were  no  similarity  between  the  two  compouncb.  Thus 
phosphu retted  hydrogen  h  insoluble  in  water,  except  to  a  very 
Blight  degree,  and  does  not  unite  with  any  of  the  common  acids. 
A  more  careful  ptody,  however,  discovers  very  marked  resem- 
blances, for  it  appears  that  ff^P  does  unite  wiih  HBr  and  /// 
to  form  tbe  compounds  {H,P)Br  and  (M,P)T,  wliidi  resemble 
(HiN)BT  and  (J{,N)l.  Moreover,  the  atoms  of  hydrogen  in 
IfjP  may  be  replaced  by  metliyl,  CJf^  ethyl,  Cai/j,  and  other 
radicals  yielding  compounds  similar  to  the  tertiary  amine-s  which 
we  call  the  phosphines ;  and  it  further  appears  that  the  phos- 
phines  have  a  sti-ong  basic  character,  combining  with  all  the 
ordinary  acids  to  form  a  class  of  snlis  corresponding  to  those  of 
the  compound  ammonias,  and  yielding  also,  by  reactions  similar 
to  [177]  and  [178],  compounds  analogous  to  the  hydrates  of 
the  ammonium  radicals.  There  are,  however,  even  here,  dif- 
ferences to  be  noted,  —  quite  important,  because  they  point  to  a 
tendency  in  the  series  which  dei'elopa  into  a  mai'ked  character 
in  the  nest  element,  arsenic.  The  compounds  Irimethylphos- 
phine,  {CH^^P,  and  triethylphosphine,  {C2ffi)3P,  not  only 
combine  with  acids,  but  they  also  unite  as  diatomic  radicals 
either  with  two  atoms  of  chlorine,  bromine,  or  iodine,  or  with 
one  atom  of  sulphur  or  of  oxygen.  Thus  are  formed  the  crys- 
talline compounds 

(C^shP'Cli,  (C^,)>P-0,  {CiIf,),P--S. 

Lastly,  a  compound  has  been  described  corresponding  to  liquid 
phosphuretted  hydrogen,  and  having  the  symbol  (CM;)2P' 
{CH^^P,  which,  like  Ihe  former,  is  both  liquid  and  sponlane- 
ously  inflammable.  It  has,  moreover,  the  properties  of  a  feeble 
basic  radical,  and  in  the  chemical  series  finds  iU  analogue  on 
one  side  in  the  radical  amidogen,  and  on  the  other  in  the  re- 
markable compound  kakodyl  (198). 

190.  Pkospliorus  and  Chlorine.  —  Phosphorus  combines 
with  chlorine  in  two  proportions.  "When  the  phosphorus  is  in 
excess,  phosphorous  chloride,  PCl^  is  formed,  which  is  a  fuming, 
colorless  liquid.  When,  on  the  other  hand,  the  chlorine  is  in 
excess,  we  obtain  phosphoric  chloride,  PClg,  a  white  crystalline 
solid.  Both  compounds  are  decomposed  by  water,  and  when 
the  water  is  in  large  excess  the  reactions  are  as  follows;  — 
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PC!,  +  (3^,0+^?)  =  (ff/0,^PIfO-\-BjrCl+  Aq).  [183] 

PCU+{iH^O-\-Aq)  =  {ff,^0,'-PO  +  5HCl  +  Aq).  [184] 

If  ia  the  last  reaction  waler  is  not  present  in  sufficient  quantily, 
we  obtain  quite  a  different  result. 

PCU  +  -^t>  =x  PCI,0  +  2ffCT.  [185] 

The  first  of  tlie  three  reactions  ia  important,  because  it  gives 
an  easy  method  of  preparing  phosphorous  acid,  and  the  last  has 
a  special  interest  because  it  illustrates  a  valuable  application  of 
phosphoric  chloride.  This  reagent  gives  ua  the  means  of  re- 
placing an  atom  of  oxygen  with  two  atoma  of  chlorine,  and  (as 
is  illustrated  not  only  by  [185],  but  also  by  [34])  this  simple 
change  frequently  gives  a  clew  to  the  molecular  constitution  of 
a  chemical  compound.  The  compound  PCl^O  is  called  phos- 
phoric oxychloride,  and  there  is  also  a  phosphoric  sulphochlo- 
ride,  PGl^S.  Both  are  fuming,  colorless  liquids.  The  last, 
when  healed  wiih  a  solution  of  caustic  soda,  gives  the  following 
remarkable  reaction :  — 

{PCkS+  GNa-0-IT-\-  Aq)  = 

{Nu^^0.'Ps\'SNaC!+5B^0-\-Aq).  [186] 

191.  ARSENIC.  Js  =  75.  —  Trivalent  or  quinquivalent 
One  of  tiie  less  abundant  elements,  but  in  minute  quantities 
quite  widely  distributed.  Found  native,  and  in  combination 
both  with  sulphur  and  with  many  of  the  metals.  The  most 
abundant  of  the  natire  compounds  is  Misptckel,  FeS^ .  PeAs„ 
and  by  simply  heating  this  mineral  in  a  closed  vessel  the  ele- 
mentary substance  is  easily  obtained. 

iFe^s.,S^  =  4I'eS+  As,.  [187] 


It  is  also  prepared  by  subliming  a  mixtnre  of  arsenious  anhy- 
dride and  charcoal. 

2A$^03  +  3(7=  As,  +  SCOr  [188] 

192.  "Metallic  Arsenic,"  As,,  has  a  bright,  steel-gray  lustre, 
and  conducts  electricity  with  readiness.  It  is,  therefore,  fre- 
quently classed  among  the  metals,  and  hence  the  trivial  name. 
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On  tiie  otlier  hand,  it  is  rery  brittle,  and  cidscly  allied  in  all  its 
chemical  relalions  to  the  class  of  elements  with  which  it  is  here 
grouped.  Araenie,  like  phosphorus,  is  dimorphoyt',  and  may 
readily  be  crystallized  both  in  octahedrons  of  the  first  system, 
and  in  rhombohedrona  of  the  third.  Corresponding  to  these 
two  forms  are  two  aliolropic  modifications,  distinguished  also  by 
differences  of  density  and  of  other  physical  qualities,  although 
these  differences  are  not  so  marked  as  those  between  the  two 
etatea  of  phosphorus.  In  its  ordinary  condition,  arsenic,  when 
heated  out  of  contact  with  the  air,  be^ns  to  volatilize  at  about 
XSO°  without  previously  melting,  and  it  cannot  be  brought  into 
the  liquid  condition  except  under  pressure.  The  ^.  Gr.  of 
the  solid  is  5.75,  and  that  of  the  vapor  reftired  to  air  10,6. 
Heated  in  contact  with  the  air,  it  bums  with  a  pale  blue  flame, 
and  the  product  of  the  combustion  is  areenious  anhydride,  As.fi^ 
It  cannot,  however,  maintaia  ita  own  combustion,  and  goes  out 
unless  the  temperature  is  kept  above  the  point  of  ignition  by 
external  means.  At  the  ordinary  temperature  it  rapidly  tar- 
nishes in  the  air,  and,  when  in  lar^e  bulk,  the  oxidation  is  some- 
times sufficiently  rapid  to  ignite  the  mass.  Serious  accidents 
have  originated  fi'om  this  cause.  The  burning  of  arsenic  is 
attended  with  a  peculiar  odor  resembling  garlic,  which  is  very 
characteristic.  It  ia  insoluble  in  water  or  any  of  the  ordinary 
solvents. 

193.  Arsenic  and  Oxygen.  —  Arsenioiis  Anhydride.  Asfi^- 
— The  wliite  powder  which  is  formed  by  the  burning  of  arsenic 
is  the  mot-t  important  and  the  best  known  of  the  compounds  of 
tliis  elemenL  It  is  obtained  in  very  large  quantities  as  a  sec- 
ondary product  in  the  roasting  of  many  metallic  ores.  Like  ar- 
senic itself,  this  compound  is  dimorphous,  and  may  be  obtained 
crystallized  both  in  octahedrons  of  the  first  system  and  in  rhom- 
bic prisms  of  the  fourth.  '  Moreover,  when  freshly  sublimed,  it 
appears  as  a  vitreous  solid,  and  in  this  third  stale  it  is  three 
times  mote  soluble  in  water  than  in  the  crystalline  conditioti. 
Common  white  arsenic  is  only  sparingly  soluble  in  water,  but 
by  continuous  boiling  with  water  this  crystalline  condition  is 
changed  into  the  vitreous  (or  colloidal)  modification,  and  a  much 
larger  amount  enters  into  solution.  This  change,  however,  is 
not  permanent,  and  after  long  standing  the  excess  before  dis- 
solved is  all  deposited  in  octahedral  crystals.     When  digested 
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with  (he  mineral  adds,  or  with  aqua  ammonia,  white  arsenic 
digsolves  still  more  readjlj'  than  in  water,  but  on  standing,  the 
lai^er  part  of  the  As^Oi  ii  deposited  from  these  solutions  in  oc- 
tahedral crystals  as  before,  and  by  evaporation  (he  whole  may 
be  thus  recovered,  indicating  that  no  stable  compound  had  been 
formed. 

104.  Arsenitet.  —  Arsenious  aeid,  ^^O^M*,  is  only  known 
in  solution;  and  indeed  there  is  no  evidence  that  As^Oa  forms 
with  water  a  definite  hydrate.  There  are,  however,  several 
weli-defined  arsenites. 

Pofassic  Arsenite  (Fowler's  Solution)  H2,K=0s-As, 

Cupric  Arsenite  {Scheele's  Green)  JI,Cu^Ot-As, 

Ai-gentic  Arsenite  (Brilliant  Yellow)  Ags-0,^As, 

The  first  is  obtained  by  adding  to  a  solution  of  caustic  potash 
an  excess  of  ^ijOa,  and  the  last  two  are  precipitated  when  a 
solution  of  the  first  is  added  to  the  solution  of  a  silver  or  copper 
salt.  Areenious  anhydride  is  a  most  violent  mineral  poison. 
It  is  also  a  powerful  antiseptic,  and  is  much  used  in  packing 
hides  and  for  preserving  anatomical  preparations, 

195.  Arsenic  Acid,  HgO^AsO,  is  readily  obtained  by  treat- 
ing ASiOi  with  nitric  acid. 

AHOi-\r 2//-0-i\^0,  +  2ffjO  =  •i.H^^OMiO At W^O^.  [189] 

On  evaporating  the  resulting  solution  under  regulated  condi- 
tions of  temperature,  definite  liydrate-,  all  white  solids,  may  he 
obtained  corresponding  to  the  three  conditions  of  phosphoric 
acid.  But  they  difl«r  from  the  latter  in  that  when  dissolved  in 
water  they  all  yield  solutions  havmg  the  same  properties  and 
Contwning  the  same  rnbasic  acid.  From  this  acid  a  large  num- 
ber of  arseniates  may  bo  prepared.  The  following,  all  of  which 
may  be  obtained  in  well-defined  crystala,  are  iitHnorphous  witli 
the  corresponding  phosphates :— ~ 


[I90j 


H^Na^-Ot^AsO .  H^O,  JIt,E^Ot^AtO. 

These  salts  may  be  all  rendered  anhydrous  by  heat,  and  from 
the  acid  salts  products  may  be  thus  obtained  corresponding  ia 
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coraposiiion  to  the  mefa  and  pyro-phosphaies ;  but  wl  en  i 
solved  they  reunite  with  water  and  become  tr  ba  c  Ilenee 
aqueous  solutions  of  all  these  arseniates  give,  w  th  argen  c  n 
traie,  the  same  precipitate,  Agi^Oi-AsO.  This  prec  p  ■xte  has 
a  brick-red  color,  aiid  enables  us  to  distinguish  an  ai>en  a  e 
from  an  arsenite.  It  is  noE  formed,  however,  if  an  exoe  s  of 
ammonia  or  a  free  atid  is  present.  On  adding  a  ol  on  of 
magnesic  sulphate  containing  an  excess  of  ammon  lo  a  sol 
tion  of  an  arseniate,  a  precipitate  is  obtained,  {HtN'),Mg^O^^ 
AsO .  QffiO,  which  very  closely  resembles  the  corresponding 
precipitate  obtained  with  a  phosphate  under  the  same  conditions. 

196.  Arsenic  Anhydride,  ASiO/^  is  obtained  as  a  while 
amorphous  solid  when  arsenic  acid  is  healed  nearly  to  redness. 
At  a  higher  temperature  it  fuses  and  is  decomposed  into  As^O^ 
and  0=0. 

197.  Arsenic  and  Hydrogen.  —  There  are  two  compounds, 
a  solid,  HfAs^  and.a  gas,  H^As.  The  gas  is  formed  whenever 
hydrogen,  in  its  nascent  condition,  comes  in  contact  with  a  com- 
pound of  arsenic,  and  its  formation  gives  us  one  of  the  most 
delicate  means  of  detecting  the  presence  of  arsenic  in  cases  of 
poisoning.  Thus,  when  arsenious  acid  is  introduced  into  au 
apparatus  evolving  hydrogen,  we  have  the  reaction 

ff,-^Oi'-As  +  3II-B=  3ir,0-\-  H^As.  [191] 

As  thus  obtained,  however,  the  gas  is  more  or  less  mixed  with 
hydrogen.      It  may  be  obtained  pure  by  the  following  re- 

Sn,As,-ir{f>HCl-{'Aq)  =  {ZSnGk-\-Aq)  +  2II1,Ab.  [192] 

It  is  a  colorless  gas  (Sp.  Gr.  33.9),  which  may  be  condensed  to 
a  liquid  boiling  at  30°,  It  has  a  repulsive  odor,  and  is  exceed- 
ingly poisonous.  It  bums  in  the  air,  forming  As^O^  and  H^O. 
In  the  interior  of  the  flame  the  combustion  is  imperfect,  and 
hence  the  flame  deposits  on  a  cold  surface,  wbich  is  pressed 
upon  it,  a  brilliant  mirror  of  metallic  arsenic.  The  gas  is  de- 
composed when  passed  through  a  red-hot  glass  tube,  and  a  sim- 
ilar mirror  is  formed  on  the  inner  surface  in  front  of  ihe  heated 
portion.  By  careful  experimenting  these  mirrors  may  be  ob- 
tained with  hydrogen  gas,  which  contains  only  a  mere  trace  of 
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arsenic.  When  arseoiu  retted  hydrogen  is  passed  into  a  solu- 
tion of  argentic  nitrate,  we  obtain  the  following  remarkable 
reaction :  — 

H^A3  -i-  ^Ag-O-NO^  +  iH^O  = 

iAg^  -\-  %H-0-WO^  -\-  Hf'O^^AsO.  [193] 

198.  Compounds  with  the  Alcohol  Radicah.  —  Arsenic  forma 
compounds  uniilugons  to  the  amines,  [ihosphines,  and  their  de- 
rivatives. The  compounds  trimethyl-arsine,  {CH^^As,  and  tri- 
ethyJ-ui-aine,  (  Oiffs)3As,  do  not,  however,  like  the  corresponding 
phosphine-s  combine  directly  with  ffCl  and  the  similar  acids, 
but  they  do  unite  very  readily  with  two  atoms  of  chlorine,  bro- 
mine, or  iodine,  or  with  one  atom  of  oxygen  or  sulphur,  forming 
Buch  compounds  as 

{Cff:^^As-Gl^,    {C^H,),As--Br^,    (C%)^As^O,    {C^IJ^)iAs--S. 

They  also  unite  with  the  iodides  and  bromides  of  the  alcohol 
radicals,  forming  such  compounds  as 

(CH^j.As-I        or         {C%H.XAs-Br, 

and  from  these  mny  he  derived  basic  compounds  analogous  to 
ammouic  hydrate,  like 

(CH^)^Ai-0-H       or        {C^H^)tAs-0-H. 

But  by  far  the  most  important  of  this  class  of  compounds  are 
those  which  may  be  regarded  as  derived  from  a  remarkable 
radical  substance,  {CHs)iAs-(CIl3)^s,  called  kakodyl,  which 
is  formed  when  a  mixture  of  ai-senious  anhydride  and  polassio 
acetate  is  submitted  to  distillation  in  a  closed  retort.  A  crude 
complex  product  is  thus  obtained,  from  which  the  radieal  sub- 
stance may  be  subsequently  separated.  Pure  kakodyl  is  a 
spontaneously  inflammable,  exceedingly  fetid,  fuming  liquid, 
resembling  in  many  respects  the  corresponding  compound  of 
phosphorus.  It  enters  into  direct  combination  with  several  of 
the  elements,  and  is  one  of  the  best  defined  of  (he  radical  sub- 
stances.  Kepi-esenting  the  group  of  atoms  ( CH3)^As  by  Kd, 
the  symbols  of  a  few  of  the  more  characteristic  compounds  will 
be  as  follows :  — 
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Kakodyl  Kd-Kd, 

Kakodylous  Oxide  Kd^O, 

Kakodylic  Oxide  Kd^O^ 

Kakodylic  Acid  H-  O'KdO, 

Kakodj'lic  Anliydrida?  Kd^O^, 

Kakodjlous  Sulpliide  Kd^S, 

Kakodylic  Sulphide  Kd^S.^ 

Sulpho-kakodjlie  Acid  HS-KdS, 

Sulpho-kakodjlic  Anhydride  Sd^S^^ 

KakodylouiChloride,Bi-omide,orIodide  KdCl.KdBr,  or  Kdl, 

Kakodylic  Cbloride,  Bromide,  or  Iodide  KdCl^.KdBr^  or  Kdl^. 

The  mutual  relations  of  the  different  compounds  studied  in 
this  section  are  illustrated  by  the  following  echeme,  which 
includes  all  the  known  compounds  of  aroenic  with  methyl 
{Me  =  CH^)  and  chlorine :  — 

lypo  H,N.  Tjpe  aH^N. 

Me,Me,Me^As,  Cl,Me,Me,Me,^e%A3, 

Ol,Mk,Me-At,  Ol,Ol,M*,Me,MeiAs, 

a,  Cl,Me--As,  01, 01,  Cl,Me,MeiAs, 

m,  01,  Cl'At,  CI,  a,  01,  Ol,Me  iAs. 

By  direct  union  with  C/j,  the  compounds  of  the  first  column 
may  be  changed  into  the  compounds  of  the  second  column  on 
the  next  lower  line,  and  the  compounds  of  the  second  column, 
when  heated,  break  up  into  MeCl,  and  the  corresponding  com- 
pound of  the  fiii!t  column  on  the  same  line.  Moreover,  the 
first  compound  of  the  first  column  uni(es  directly  with  MeCl  to 
form  the  first  compound  of  the  second  column.  Besides  the 
compounds  mentioned  above,  this  scheme  includes  another  class 
of  compounds,  which  may  be  regarded  as  formed  from  the  rad- 
ical {CH^As  (corresponding  to  HN),  not  yet  isolated.     Such 

{Cff,)As^I.^  (CIQAs-0, 

They  are  called  arsenmonoraelhyl  iodide,  oxiile,  &o.,  and  the 
last,  arsenmonomot hylic  acid.  It  is  evident  that  the  atomicity 
of  the  radical  is  not  the  same  in  all  the  compounds. 
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199.  Comptncwlt  with  Chlorine,  Bromine,  and  Iodine.  — 
These  elements  unite  directly  with  arsenic,  but  onl}'  in  one 
pvoporiioLi  forming  AsCls,  AsBr^  and  Asli.  The  first  is  a 
liquid,  the  last  two  are  volaliie  solids  at  the  ordinary  tempera- 
ture of'  ihe  air.     They  arc  all  decomposed  hy  waler. 

iAsBr^  4-  ^H^O  =  AhO^  +  ZHBr.  [194] 

200.  Compounds  with  Sulphur.  —  Arsenic  and  sulphur  may 
be  melted  together  in  all  proportions.  They  also  form  several 
distinct  compounik.     The  most  importaot  are 

201.  Eeolgar,  Ai^S^,  a  brilliant  red  solid,  much  used  as  a 
pigmeDt,  and  found  in  nature  well  crystallized. 

202.  Orpiment,  As^S^,  a  brilliant  yellow  solid,  also  used  aa  a 
paint.  Formed  whenever  arsenic  is  precipitated  from  its  solu- 
tions by  H^  Also  found  crystallized  in  nature.  Soluble  in 
ammonia  and  caustic  alkalies,  and  precipitated  from  such  solu- 
tions by  acids. 

203.  Arsenic  Sulphide.  JsjSj.— Only  known  in  combination. 
The  last  two  compounds  are  "  sulphur  anhydrides,"  and  form 

■with  the  sulphur  Ijases  a  very  large  and  impovlant  class  of  sul- 
phur salts,  many  of  which  are  native  compounds  and  important 
melallic  ores.  The  following  reactions  wiii  illustrate  the  forma- 
tion of  compounds  of  lliis  class :  — 

Ai^Sj  +  (4ff-0-^4.  Aq)  = 

{H,K^^OM»  +  B,K^'S,^As  +  ff,0  -J-  Ag).  [195] 

{H,Na^^Os^As  -}-  3-ffjS  -f  Aq)  = 

mm^^S^^As -\- ZH,0 -{- Aq).  [136] 


Sulpho-arsenites, 

Proustite,                      Hexagonal  Affg-S^'As, 

Tennantile,                    Isometric  [^Cui^aiS^tAe^ .  FeS, 

Sariorile,                       Orthoj-hombic  fh'S.^^As^Sj, 

Dufrenoysite,                Orthorhombic  Pb^tSf-As^S. 

Sulpho-arsemaCes. 

Enargite,                       Orthoriiombic  [  Cu^siSsliAsS)^ 
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These  symboJa  should  be  compared  with  those  of  the  corre- 
spondiDg  compounds  of  antimony,  in  connection  with  ivLich 
their  mutual  relations  will  be  explained. 

204.  CkaracUristic  Reactiom.  —  The  imporlauce  of  proving 
the  presence  or  absence  of  arsenic  in  cases  of  suspected  poisoQ- 
ing  has  led  to  a  most  careful  study  of  the  characteristic  reac- 
tions of  this  element,  and  hence  our  knowledge  on  tliese  points 
is  unusually  accurate  and  full.  The  most  striking  of  the-e  re- 
actions liave  already  been  given.  Further  details  or  descrip- 
tions of  methods  by  which  arsenic,  even  when  in  niinule  quan- 
tjties,  may  be  detected  and  distinguished  from  antimony  lie 
beyond  the  scope  of  the  present  work. 

205.  ANTIMONY.  56  =  122.  —  Trivalent  or  quinquiva- 
lent. This  element  is  less  abundantly  distribuied  ihan  ar.-enic, 
although  found  in  similar  associations.  The  most  abundant  na- 
tive compound  is  the  gray  sulphide  (Antimony  Glance),  Sh^S^, 
which  occurs  not  only  in  a  pure  stale,  but  also  in  combination 
with  other  metallic  sulphides.  Antimony  is  sometimes,  ahhongh 
rarely,  found  in  the  metallic  state,  and  likewise  in  combination 
with  oxygen. 

206.  Metallic  Antimony,  Sb?,  is  most  readily  extracted  from 
the  native  sulphide  by  smelting  the  ore  with  metallic  iron. 

SiA  -f  3Fe  =  3FeS-\-  Sb^  [197] 

It  is  also  extracted  by  first  roasting  the  ore, 

2S&,S3  +  OO'O  =  2Sb^0^  -\-  CSO^  [198] 

asA  then  melting  with  charcoal  and  sodic  carbonate.  Tlie  last 
converts  into  oxide  the  small  portion  of  the  sulphide  which  es- 
caped oxidation  in  the  roasting  process, 

Sh^S^  -\-  ZmfOfCO  =  SfijOa  4-  ZN<^S-\-SCO^  [199] 

and  the  charcoal  reduces  the  oxide  to  metallic  antimony, 

Sb^O^  4-  3  C=  Sb^-{-Z  CO.  [200] 

By  oxidizing  the  crude  metal  yith  nitric  acid,  and  .igain  re- 
ducing wiih  charcoal,  the  antimony  may  be  obtained  in  a 
pure  condition. 


oy  Google 


§20e.]  ANTIMONY.  265 

Antimony  is  closely  allied  to  arsenie,  but  possesses  the  prop- 
erties of  a  metal  to  a  still  liiglier  degree  It  hia  a  bright  me- 
tallic lustre,  which  it  preseries  in  tin,  air  It  has  a  high  Sp. 
Gr.  (G-7),  and  conducts  heat  and  electriLity  wilh  facility  Its 
conducting  power,  however,  h  inferiot  to  that  of  tl  e  perfect 
metal*,  and,  moreover,  it  is  veiy  brittle  and  may  be  readily  re- 
duced to  powder.  It  has  aLo  a  highly  crj  stiliine  structure, 
and  like  arsenic  it  may  be  obtains  1  oryslalt  zed  both  in  rhom- 
bohedrons  of  tbe  third  system,  and  in  octahedrons  of  the  first. 
The  first  is  the  common  form,  and  lumps  bf  the  metal  may  some- 
times  be  cleaved  parallel  to  the  rhombohedral  planes,  which  are 
always  more  or  less  evident  on  the  fractured  surface.  Antimony 
melts  at  430°,  and  it  volatilizes,  but  only  very  slowly,  at  a  full 
red  heat.  The  melted  metal,  when  heated  in  the  air,  slowly  ox- 
idizes, and  before  the  blow-pipe  it  burns,  the  product  of  the 
oxidation  being  in  either  case  Sb^O^.  Antimony  is  only  very 
slightly  acted  on  by  pure  hydrochloric  acid,  even  when  concen- 
tratt'd  and  boiling;  but  on  tlie  addition  of  a  ver^  small  amount 
of  nitric  acid  the  metal  dissolves  easily,  forming  a  solution  of 
SbCl^ 

Sb^  +  (61101  +  QIWO,  +  Aq)  = 

{2SbCl,  -f  Qlf^O  +  Aq)  +  6i\^0,.  [201] 

"With  the  aid  of  heat  it  dissolves  in  strong  sulphuric  acid. 

Sbj  -f  &ff^SO,  =  Sb^lO^iiSO,),  4-  3S0^  +  QH^O.  [202] 

Nitric  acid,  when  in  ejccess,  converts  the  metal  into  a  white 
powder  insoluble  in  the  acid  (chiefly  Sb^O^},  If,  however,  the 
nitric  acid  contains  a  little  hydrochloric  acid,  the  product  is 
metantimonic  acid. 

Sb,-{- iff- 0-2^0,  z= 

2H-0-SbO,  -I-  ff,0  +  N,0^  +  2A'0.  [203] 

I/SStly,  antimony  dissolves  readily  in  a  mixture  of  lartaric 
and  nitric  acids,  which  is  one  of  the  best  solvents  of  the  metal. 
Metallic  antimony  is  chiefly  used  in  the  arts  to  alloy  wilh  other 
metals,  to  which  it  imparls  a  greater  hardness  and  durability. 
Type-metal  is  an  alloy  of  four  parts  of  lead  and  one  of  antimony. 
This  alloy  expands  in  "  setting,"  and  therefore  takes  a  sharp 
12 
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impression  of  the  mould  in  which  tt  ia  cast ;  and  this  property, 
M  well  as  the  hardnws,  renders  type-meliil  peculiarly  suitable 
to  Ihe  important  use  to  which  it  is  applied,  Brilftnnia  metal, 
an  alloy  of  brass,  antimony,  tin,  and  lead,  much  used  as  the  base 
of  plated  silver-ware,  also  owes  ils  hardness  and  dui-ability  to 
the  antimony  it  contains. 

207.  Antimony  and  Ohhrine.  —  Antimonious  Ckhridt. 
SbCl^.  —  A  solution  of  this  compound  is  readily  obtained  either 
by  [201]  or  by  dissolving  the  native  sulphide  in  hydroiSiloric 
acid.  On  evaporating' Ihe  excess  of  acid,  and  distilling  the  resi- 
due, the  chloride  is  obtained  as  a  while  crystalline  solid.  It  is 
deliquescent,  very  volatile,  and  melts  so  readily  (72*)  that  it 
was  ibtmerly  known  as  butter  of  antimony.  The  Sp.  Gr.  of 
its  vapor,  ae  found  by  experiment,  is  112.7.  Antimonious  chlo- 
ride may  also  be  oblained  by  distilling  antimony  or  antimonious 
sulphide  with  mercuric  chloride,  and  also  by  distilling  a  mixture 
of  antimonious  sulphate  with  common  salt. 


St>^  +  4,HfjCk  =  Sb^Hg,  +  [ife] CI,  +  2Sb(gV  [204] 

Sb,S,  -f  SlfgCl^  =  SffgS  +  mbm^  [205] 

Sb,W^HSO,),  -f  ^MCl  —  SNai^OiSO,  +  2SbCl,.  [206] 

Antimonious  chloride  is  decomposed  by  water,  forming  ao 
insoluble  oxychloride  and  hydrochloric  acid.  Hence  the  solu- 
tion obtained  by  [20J  ]  become*  turbid  when  diluted  with  water. 
The  presence  of  tartaric  acid  in  sufficient  quantity  preveuls  the 
decomposition,  and  a  solution  of  this  acid  dissolves  the  oxychlo- 
ride  when  formed.  By  long-continued  washing  the  oxychloride 
may  be  converted  into  antimonious  oxide. 

(SbCh  +  ff,0  +  Aq)  ~  SbOCI  +  {2-ffCT  -)-  Ag).  [207] 

2Sb©CI+(ff,0  +  J9)  =  Sto2O,-f  (2ffCT+J5).  [208] 

Antimonious  chloride  combines  with  the  chlorides  of  the 
metals  of  the  alkalies  and  of  the  alkaline  earths,  and  forms  sol- 
uble crystalline  salts.  Hence  it  may  be  mixed  with  concen- 
trated solutions  of  these  chlorides,  as  also  with  strong  hydro- 
chloric acid,  without  undergoing  decomposition.  The  following 
ar«  the  symbols  of  a  few  of  these  double  chlorides,  which  are 
best  regarded  as  molecular  compounds : — 
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s(ir,jr)  Qi.  SbOk .  liR.o,'       ^s,^)  oi.shch  ■  h^o, 

SKCl.  SbC%,  2Ka.  SbCla, 

ZNaCl.  SbC'k,  BaCk  ■  SbCk  ■  2}-^(?.' 

208.  Anlimonic  Chloride,  SbCl,,  may  be  formed  by  passing 
chlorine  gas  over  SbCls,  or  by  acting  on  the  metal  with  an  ex- 
eeti  of  the  eamsV^agent.  It  is  a  volatile,  fnming  liquid,  which 
readily  parls  with  two  fifths  of  its  clilorine,  and  is  therefore 
sometimes  used,  like  PCI,,  as  a  chloridizlng  agent.  It  in  at 
once  decomposed  by  water.  TVilh  onlj"  a  small  quantity  it  forms 
an  oxychloride  (compare  [185]). 

N^O  +  SbCl,  =  'tHCl  4-  SbChO.  [209] 

With  an  excess  of  water,  either  ortho-antimouic  acid  or  pyro- 
antimonic  acid  results. 

SbGk  +  4-^,0  =  H^^O^'ShO  +  6nOl,        [210] 

or  2SbCk  +  TffiO  =  S,-^Ot'Sb,0,  +  lOSCl.    [2U] 

The  presence  of  tartaric  acid  prevents  these  reactions.  By 
the  action  of  J/^S  on  SbCl^  a  sulplio- chloride  may  be  formed, 

SbCl,  +  If,S=s  SbCkS-}-  2ffCl.  [212] 

A  bromide  of  antimony,  SbBr,,  and  an  iodiJe,  Sb/^  ar« 
readily  formed  by  the  direct  action  of  these  elements  on  the 
metal,  but  no  penta-bromide  or  iodide  has  yet  been  obtainedL 
They  are  both  fusible  and  volatile  solids,  and  when  acted  on  by 
water  are  converted  into  SbBrO  and  SblO.  The  correspond- 
ing fluoride  dissolves  in  water  without  decomposition,  and  forins 
with  the  alltallne  fluorides  a  number  of  double  salCji. 

SiVa-F".  SbF^  2{J{,N)F.  ShF^  KF.  SbF^. 

209.  Antimony  and  Oxygen.  —  Antimonimu  Oxidt.  Sb^O^ 
— This  compound,  already  mentioned  as  a  product  of  the  direct 
oxidation  of  antimony,  may,  like  Ai^O^,  be  obtained  eryslallised 
both  in  octahedrons  of  the  first  system  or  in  rhombic  prisms  of 
the  fourth,  and  on  thia  difi[erence  of  form  depends  the  distino- 
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tion  between  the  two  minerals  Senarmonlite  and  Valentinite, 
both  of  which  consist  of  this  same  substjince.  The  oxide  is 
most  readily  prepared  artificially  by  pouring  a  solution  of  Sb  Cl^ 
[201]  into  a  boiling  solutioa  of  sodic  carbonate. 

(3AVO/(70  4-  2SbCk  +  Aq)  = 

Sb,0,  -i-  (CJVaC/  +  Jq)f\-3(S®,.  [213] 

Anlimonious  oxide  acts  both  as  a  basic  and  as  an  acid  anhy- 
dride, although  the  first  is  by  far  ita  most  marked  character. 
It  is  but  very  slightly  soluble  in  water.  When  the  solution  of 
S6O/3  is  poured  into  a  cold  solutioa  of  sodic  carbonate,  we 
have  the  reaction, 

{SNoi-OfCO  +  2SbCl^  +  JI,0  +  Ag)  = 

2]I-0-»bO  +  {GMCl  +  Aq)  -i-  3®®„  [214] 

and  the  product  may  be  regarded  as  metantimonious  acid,  for 
it  dissolves  in  caustic  alkalies  and  forms  delinite,  although  very 
unstable,  salts.  On  the  other  hand,  the  oxide  dissolves  in  fum- 
ing sulphuric  and  fuming  nitric,  as  well  as  in  hydrochloric  acids, 
forming  crystalline  salts,  ia  which  the  antimony  plays  the  part 
of  a  basic  radical. 

The  most  important  salt  of  this  class  ia  that  formed  by  dis- 
solving Sb^Og  in  a  solution  of  acid  potassic  tartrate  (cream  of 
tartar).  This  compound  is  very  much  used  in  medi<^ine  as  an 
emetic,  and  hence  the  trivial  name  tartar  emetic.  Tartaric  acid 
is  Cetratomic,  but  only  bibasic  (43),  and  we  have  the  following 
series  of  compounds :  — 

Tartaric  Acid  ^, ,  ff^^O,^{C,ff^O,\ 

Neutral  Potass ie Tartrate  K^,  ff.^tO,i(C,ff-iO.^), 

Acid  Potassic  Tftrtrate  K,ff,  ff^-Or-iCJI^O^), 

Tartar  Emetic  (crystallized)      K,ShO ,  H^^0,^{C,H^02)  ■  H^Oy 
after  heating  to  200°     K,SbiO^^{CtH^Oi). 

It  will  be  noticed  that  in  forming  tartar  emetic  the  radical 
SbO  of  the  compound  H-OSbO  lakes  the  place  of  one  atom 
of  basic  hydrogen,  which  still  remains  unreplaced  in  cream  of 
tartar.     On  heating  the  cryslalliaed  salt  to  100'  it  gives  up  ita 
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water  of  crystallization.  At  200°  it  gives  off  an  additional 
atom  of  water,  formed  at  the  expense  of  tlie  oxygen  in  the  rad- 
ical just  named  and  of  the  two  atom*  of  hydrogen  distinguiehed 
as  negative  in  the  atid ;  and  it  will  be  seen  iliat,  in  the  anhydrous 
salt  tliua  obtained,  one  atom  of  antimony  takes  the  place  of  three 
typical  atoms  of  hydrogen  in  lartaric  acid.  Compounds  similar 
to  tartar  emetic  may  be  made  in  a  similar  way  with  the  oxides 
of  arsenic,  bismuth,  and  uranium.  Their  symbols  differ  from 
that  of  tartar  emetic  only  in  having  the  radicals  AsO,  AsO^ 
SiO,  or  UO,  in  place  of  SbO,  and  ibey  undergo  a  similar  de- 
composition wiien  heated.  Compounds  of  the  same  class  may 
also  be  obtained  with  other  anhydrides  than  those  of  the  group 
of  elements  we  are  now  studying  (as  Fe^O,  0^0,,  B^O^,  &c.), 
and  when  it  is  further  added  that  the  potas^sium  in  tiiese  com- 
pounds may  be  replaced  by  other  univalent  radicals,  or  even  by 
bivalent  radicals  soldering  together  two  molecules  of  the  ordi- 
nary type,  it  will  be  seen  that  a  very  large  number  of  such 
sails  are  possible.  Lastly,  the  fact  that  a  compound  has  been 
prepared  in  which  two  of  the  typical  atoms  of  hydrogen  are 
replaced  by  the  positive  radical  elhyl,  while  the  other  two  are 
replaced  by  the  negative  radical  acetyl,  and  the  addiiioral  fact 
that  no  salt  can  be  obtained  in  which  all  tlie  four  atoms  are  re- 
placed by  a  welMeflned  positive  radical,  give  a  strong  presump- 
tion in  favor  of  the  formulffi  of  the  tartrates  adopted  above. 

Antimonious  oxide,  when  heated  out  of  contact  with  the  air, 
volatilizes  unchanged,  but  under  the  same  conditions  in  the  air  it 
bums  like  tinder,  forming  a  higher  oxide,  Si^Of,  which  is  fixed, 
even  at  a  high  red  heat  By  ignition  with  charcoal  or  hydrogen, 
all  the  oxides  are  readily  reduced  to  the  metallic  stale. 

210.  Aftiimonic  Acid.  —  The  reactions  have  already  been 
given  [203],  [210],  [211]  by  which  the  three  conditions  of  this 
acid  may  be  prepared.     They  are 

Metantimonic  Acid  H-OSbOi, 

Orlhoantimonic  Acid  H^^Os'SbO, 

Pyroantimonic  Acid  H^W.^ShOs- 

Pyroantimonic  acid  may  also  be  prepared  by  acidifying  tha 
solution  of  acid  pofassic  pyroanljmoniate  mentioned  below, 

{Ht,K^iOt^-Sb^03  -f  2ffCl  -f  Aq)  = 

H,W,iShO~^  Ar  {2KCI  -\-  Aq),  [215] 
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but  when  this  precipitate  is  dried,  it  loaea  water  and  clianges 

H^iO.iSh^O^  =  2H-0-ShO^  -\-  H,0.  [2IG] 

The  existence  of  orthoantimonic  acid  has  not  been  as  yet 
well  established,  but  ibe  other  two  are  well  known,  and  many 
of  their  salts  have  been  invesligated.  The  most  interesting  of 
these  salts  h  obtained  by  fusing  antimonic  anhydride  with  an 
excess  of  poCassic  hydrate,  and  extracting  the  fused  mass  with 
water.  An  alkaline  solution  is  obtained,  containing  a  salt 
whose  composition  is  expressed  by  the  symbol  Jl^K^-OftSb^Og. 
This  solution  produces  a  precipitate  in  solutions  of  salts  of  so- 
dium, and  is  sometimes  used  as  a  reagent  in  testing  for  this 
element.  The  sodic  salt  thus  precipitated  has  the  compoation 
H^aiiO^^Sb^O,  -  C^jO.  Antimonic  acJd,  in  either  of  its  con- 
ditions, is  insoluble  in  water,  as  well  as  the  antimoniales,  with 
a  few  exceptions.  In  this  respect  they  frequently  differ  from 
the  corresponding  compounds  of  phosphorus  and  arsenic,  which 
they  closely  resemble  in  molecnlar  constitution. 

211,  Antimonic  Anhydride,  SbjO^.  is  readily  prepared  by 
gently  heating  raetantJmonic  acid,  the  prodaet  of  reaction  [203]. 
It  is  a  pale  yellow  powder,  insoluble  in  water.  Fused  with  al- 
kaline hydrates  or  carbonates  it  yields  various  antimoniates. 
When -ignited  alone  it  gives  off  one  fifth  of  its  oxj'gen,  and  the 
product  is  the  same  white  powder,  Sb^O,,  which  is  formed  by 
the  oxidation  of  anlimonious  oxide.  This  intermediate  oxide 
is  the  most  stable  of  the  oxides  of  antimony.  It  is  sometimes 
called  antimonioa?  acid,  and  when  fused  with  the  alkalies  it 
enters  into  combination  with  them,  bot  the  products  thus  ob- 
tained may  be  regarded  as  mixtures  of  an  antimonite  and  an 
antimoniate,  and  the  oxide  itself  appears  to  be  an  antiraoniafe 
of  antimony,  SbO-OShO^.  A  rare  mineral  called  Cervaniite 
has  the  same  composition. 

212.  Arttitnonyand  Hydrogen. — AntiixoniuTetUd  Hydrogen. 
HiSb.  —  When  any  soluble  compound  of  antimony  is  added  to 
an  apparatus  evolving  hydrogen  [64],  we  obtain  a  product 
closely  resembling  arseniuretted  hydrogen,  but  ctxitaining  anti- 
mony instead  of  arsenic 

ShCk  +  ^H-H=  HsSb  +  SffCl.  [217] 
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The  antimony  compound  thus  formed  is  always  mised  with 
much  hyilrogen  ga£,  and  has  not  yet  been  ohlnined  in  a  pure 
condition.     When  bunit  in  me  it  yield:)  water  and  antimonious 

2II,Sli  +  30^0 1=  Si^O,  4-  SH^O.  [218] 

If  burnt  against  a  cold  surface,  so  that  the  combustion  js  incom- 
plete, the  antimony  is  depasited  and  a  metallic  mirror  i»  formed. 

411,36  -)-  30-0  =  Sb^  -}-  6//2O.  [219] 

The  compound  is  decomposed  and  a  simitar  mirror  formed 
when  tlio  ^aa  is  passed  through  a  rud-hot  lube. 

When  the  gas  is  transmitted  through  a  solution  of  argentic 
nitrate  we  get  the  reaction 

(SAff-O-NO.,  4-  Ag)  -\-  ff^Sb  = 

Ag^Sb  +  {ZH-O-NO^  +  Aq).  [220] 

This  reaction,  and  the  well-established  trivalent  character  of 
antimony,  fls  the  composition  of  antimoniuretted  hydrogen  be- 
yond flfi  reasonable  doubt. 

Compounds  of  antimony  with  the  alcohol  radicals  have  been 
prepared,  hotii  after  tlie  type  of  ammonia  and  that  of  the  am- 
monium sails.     Thus  we  have 

Trimetbyl-stibine  ( OH^^Sb, 

Trimethyl-stibine  Chloride  {CH^^SbGl^ 

Trimethyl-slibine  Oxide  lcHa)aSbO, 

Tetramethyl-sLibonium  Iodide  (  CH,)tSI}l, 

Tetramethyl-stibonium  Hydrate  {CH,)tSh-0-H, 

and  the  corresposding  compounds  of  ethyl  and  amyl.  The  re- 
action of  trielhyl-stibine  on  hydrochloric  acid  is  interesting,  as 
it  illastrates  the  serial  relations  among  the  group  of  elements 
we  are  studying.  {dH^iSb  not  only  does  not  combine  with 
HCl,  but  actually  decomposes  the  acid,  yieldins  {C'iff^-iSbCli 
and  JI-H.  Compounds  of  antimony  corresponding  to  those  of 
the  fcakodyl  group  are  not  known. 

213.  Anlimont/  and  Zinc.  —  There  are  two  very  well  marked 
crystalline  compounds  of  antimony  and  zinc,  Zn^Sbj  and  Zn^Sb„ 
which  give  still  further  eridence  of  the  usual  trivalent  cfaarac- 
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ter  of  antimony.    The  compound  Zn^Slh,,  moreover,  decomposes 
water  with  ihe  evolution  of  hydrogen  gas. 

214.  Antimony  and  Sulphur  (Crude  Antimony). — Anti- 
monioui  Sulphide.  Sb^Sg. —  The  gray  sulphide  of  antimony  has 
already  been  noticed  as  a  native  product  It  is  known  to  min- 
eralogists as  Antimony  Glance,  and  is  distinguished  Ijy  its  great 
fusibility.  Large  splinters  of  the  mineral  readily  melt  in  a 
candle  flame.  Hence  it  is  easily  separated  by  fusion  fi-om  the 
gangue  with  which  it  ia  found  associated,  and  the  process  is 
termed  "  liquation."  Its  crystals  have  a  bright  metallic  lustre, 
and  the  form  of  rhombic  prisms  of  the  fourth  system;  but  a 
Strong  tendency  to  longitudinal  cleavage  gives  to  them  a  bladed 

When  antimony  and  sulphur,  or  antimonious  oxide  and  sul- 
phur, are  melted  together  in  proper  proportion?,  a  compound  ia 
obtained  similar  to  the  native  sulphide.  Moreover,  u  pi-ecipi- 
late  of  the  same  composition  falls  when  H^S'k  passed  through 
the  solution  of  any  antinjonious  compound.  Thia  precipitate, 
however,  has  a  brick  red  color,  and  is  probably  an  isomeric 
modification  of  the  native  gray  compound.  It  is  insoluble  in 
dilute  hydrochloric  acid  when  cold,  but  readily  dissolves  in  the 
hot  acid  if  moderately  concentrated.  It  ia  also  soluble  in  solu- 
tions of  alkaline  hydrates. 

ShS^  +  (6A'-0-ff4-  Aq)  = 

(X,^S,-=S6  +  K,--0^'-Sb  +  SJIiO  -f  Aq).  [221] 

From  this  solution  it  is  again  precipitated  on  the  addition  of  an 

{K,^S,^Sb  +  KfO^^Sb  +  dHCl  +  Aq)  = 

Sb^S,  +  (dKCl  +  3/^20  +  Aq).  [222] 

In  like  manner  it  dissolves  in  solutions  of  alkaline  sulpho- 
hydrates. 

Sb^S,  +  (6^-5'-^+  Aq)  = 

(2K^^S,^Sb  +  Aq)  +  SII,S.  [223] 

Antimonious  sulphide  is  a  strong  sutp!io-an hydride,  and 
many  of  its  salts  are  important  minerals.  The  following  are  a 
few  examples.     'We  g^ve  the  symbols  in  their  simplest  form, 
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but  in  tfie  minerals  themselves  the  tmtimony  is  frequently  more 
or  less  refJaeed  by  arsenic,  and  Ae  principal  metallic  radical 
by  others  iscimorphous  with  it.  These  compounds  are  best 
ciassitred  by  referring  theBa  to  a  series  of  assumed  sulphur  acids, 
related'  to  eacii  other  like  the  saccesaive  anhydrides  of  ihe  oxy- 
gen acids  (181),  but-  derived  from  (he  normal  compound  of  th6 
series  by  eliminating  successive  molecules  of  MiS.  They  may 
be  distinguished  as  ortho,  mela,  and  pyro-sulphantimoniies,  but 
these  terras  have  no  special  appropriateness  except  so  far  as 
(hey  imply  a  distinction  analogous  to  that  which  obtains  be- 
l^veen  similar  oxygen  compounds. 


Pyrargyrite  Ilesaggnal  Aff^^S^^fSb, 

Stephanite  Orthorhombic  Ags-S^-Sb .  Ag^, 

Polybasite  Orthorhombic  Ags-Sn-Sb .  ^Ag^S, 

Bournonite  Orthorhombic  ([  Cu^,Pii^lStlSb^ 

Mencghinite  Monoclinic  ?  Pb^lS^lSb^ .  PbS, 

Tetrahedrite  Isometric  [  Ou^lSalSb^ .  ZnS. 

Jfelasu^hanlimonilei. 

Miai^yrite  Monoclinic  Jg-SShS, 

Zinkenite  Orthorhombic  Pb^SfSb^S^, 

Chaleostibite  Orthorhombic  Ca-Si-SbaSi, 

Berthierite  Fe'S^'S^ 

Pyro-iiulph  tmtiin'omfes. 

Jamesonite  (feather  ore)         Orthorhombic  Pb,MS,=SbiS, 

Fi^ieslebenite'*   Monoclinic    3Agi„x.%„iSbtS.  iPb^^Sui^SbtS. 

A  few  points  in  donnectiori  with  the  above  formulie  require 
forther  explanation.  Of  t*iB  three  dyad  atortis  which  compose 
the  basic  radical  of  the  mineral  Boumtinite,  two  are  atoms  of 
lead,  and  one  a  double  atom  (34)  of  copper.  Now  we  may  either 
suppose  that  each  molecule  of  the  mineral  is  constituted  as  our 
symbol  would  indicate,  or  we  may  regard  it  as  n  molecular 
aggregate  of  two  distinct  compounds,'  namely,  [  CM2]3ii.S'#5'^ 
and  PbifSiflSb^  and  as  containing  for  every  two  molecules 
12*  B 
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of  the  last  one  molecule  of  the  first.  In  Freieslebenite,  how- 
ever, the  proportions  of  8ilver  and  lead  are  such  that  the  com- 
position of  tiie  mineral  can  only  be  accurately  expressed  in  the 
second  of  the  two  ways  just  indicated,  and  this  ia  the  general 
rule  in  the  mineral  kingdom.  Again,  tiie  minerals  Stephanite, 
Polybasite,  Meneghinite,  and  Tetrahedrite  may  be  best  regarded 
as  molecular  aggregates  of  an  ortho-sulphantimonite  and  a  sim- 
ple metaliic  sulphide,  in  which  the  last  plays  very  much  the 
same  part  as  the  water  of  crystallization  in  our  ordinary  salts. 
In  all  the  above  cases  the  rei-ults  of  analysis  would  indicate 
a  great  constancy  in  the  relative  number  of  heten^eueous  mole- 
cules which  enter  into  the  composition  of  the  mineral ;  but  in 
other  cases  no  such  constancy  is  observed,  and  one  element  is 
found  replacing  another  in  almost  any  proportion.  In  tetra- 
hedrite,  tor  example,  we  frequently  "find  the  copper  more  or  less 
replaced  by  silver  or  mercury,  the  antimony  in  like  manner  re- 
placed by  arsenic  or  bismuth,  and  the  zinc  by  iron.  This  we 
express  by  writing  the  symbols  of  the  replacing  elements  to- 
gether within  the  same  brackets.  Thus  [[  Gu^.Ag^Hg']  stands 
for  only  one  atom,  but  indicates  that  in  the  mineral  the  copper 
is  more  or  less  replaced  by  silver  and  mercury.  So  also  the 
symbol  \_Zn,Fe']  represents  only  one  atom,  but  indicates  that 
the  zinc  is  to  a  certain  extent  replaced  by  iron.  In  its  most 
general  form  the  symbol  of  tetrahedrite  would  be  written,  — 

U_Ou^'\.Ag^Rg]fSilSb,As,Bq^  .  lZn,Fe1S. 

This  symbol  indicates  nothing  in  regard  to  the  relative  propor- 
tions of  the  elements  enclosed  in  the  same  brackets,  and  in  fact 
this  proportion  is  variable  in  different  specimens  of  the,  same 
mineral,  but  it  does  show  that,  so  far  as  the  number  of  atoms  is 
concerned,  l\_Cu^\Ag^,Hg-\  :  lSb.As,Bi\  :  \_Zn,Fs^  =  3:2:1. 

It  is,  of  course,  impossible,  according  (o  our  present  theories, 
that  each  molecule  should  have  this  complex  constitiition  ;  but 
we  may  suppose  that  in  the  mineral  there  are  certain  molecules 
containing  one  set  of  elements,  and  other  molecules  a  different 
set,  the  actual  specimen  being  an  aggregate  of  all ;  and  further, 
we  must  suppose  that  there  are  two  kinds  of  molecular  aggre- 
gation, one  in  which  the  molecules  are  united  in  more  or  less 
definite  proportions,  and  a  second  where  they  are  merely  mixed 
in  any  proportions  which  accident  may  have  deternuned. 
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215.  Anlimonic  Sulphide.  Sb^Ss-  —  When  ff^S  is  passed 
through  a  Boluiioti  of  SbClg,  an  orange-colored  precipilate  is 
formed,  having  the  composition  which  our  symbol  indicates. 
It  may  be  questioned,  however,  whether  the  precipilate  is  not 
an  intimate  mixtpre  of  Sb^S^  and  S^S,  for  when  treated  with 
sulphide  of  carbon  two  fiftlis  of  the  sulphur  is  dissolved,  Sb^S^ 
being  left !  and,  moreover,  it  is  decomposed  by  boiling  hydro- 
chloric add  into  SbCl^  ff^S,  and  S-S,  On  the  other  hand,  it  is 
dissolved  in  eikaline  hydrates  and  sulphides,  forming  sulphanti- 
moniates,  and  from  these  solutions  tlie  same  substance  is  again 
precipitated  on  the  addition  of  an  acid. 

4SbiS,  +  (2iK-0-ff-\-  Aq)  = 

t3^s-=03^5'60  4-  bK^^S^^SbS  •{-  Uff^O  -\-  A-/).  [224] 

S6A  +  {SK,S  +  Aq)  =  (2K,-S,-SbS  +  Aq).  [225] 

(2K,^S,^SbS  +  GHCl  +  Jq)  = 

Sb,S,  +  (GKCl  4-  Aq)  +  3ff,S.  [226] 

216.  CharacteHstie  Reactions.  —  The  formation  of  the  red 
sulphide  by  the  action  of  H^S  is  one  of  the  most  characteristic 
indications  of  the  presence  of  antimony ;  but,  before  this  test 
can  be  applied,  the  antimony  must  be  separated  from  all  those 
elements  which  would  obscure  the  reaction,  by  the  well-known 
methods  of  qualitative  analysis.  The  blow-pipe  reactions  of 
antimony  are  also  very  characteristic.  They  consist  in  the  for- 
mation of  a  brittle  metallic  bead  or  a  coating  of  volatile  oxide 
on  charcoal,  and  in  the  peculiar  bluish-green  color  which  this 
oxide  imparts  to  the  blow-pipe  flame. 

217.  BISMUTH.  ^t  =  210.—Trivalent  and  quinquivalent. 
One  of  the  rarer  elements.  Usually  found  native,  sometimes 
combined  with  sulphur,  in  bismuth  glance,  Bi^Ss,  and  rarely 
with  both  sulphnr  and  tellurium,  in  telradymite,  Bt^Te^S.  Me- 
tallic bismuth  is  readily  extracted  from  the  native  mineral  by 
fusion  (liquation).  After  the  analogy  of  phosphorus  and  ar- 
senic, we  assign  to  the  elementary  substance  ihe  molecular  for- 
mula Bif ;  but  since  the  metal  does  not  volatilize  except  at  a 
very  high  temperature,  we  have  not  been  able  to  determine  its 
molecular  weight  experimentally.  Bismuth  melts  at  265°,  and 
forms  alloys  which  are  remarkable  for  their  great  fusibility. 
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An  alloy  containing  two  parts  of  bismirtlV,  one  of  lead,  and  one 
of  tin,  melts  at  about  Si",  and  the  addition  of  tjadmium  reducua 
the  meliing-point  still  lower.  These  alloys  expand  on  hard- 
ening, and  are,  therefore,  useful  for  making  casts. 

As  we  descend  in  the  senei  from  antimony  to  bismuth,  the 
metallic  (inalilies  become  still  more  marked.  The  ^.  Gr.  of 
bismuth  equals  9.83.  Its  Inslre  is  brilliant,  with  a  reddish 
tinge.  It  is  leia  brittle  than  antimony,  and  even  is  slightly 
malleable.  Bismuth  may  readily  be  crystallized  in  riiomhohe- 
drcm»  iJomorphou?  with  tho'»e  of  antimony  j  bat  it  has  not  yet 
been  crystallized  in  forms  of  the  isometrie  systJi-m.  Bismuth  is 
not  dissolved  by  strong  hydrochloric  acid,  nor  even  by  sulphuric 
acid,  except  when  concantrated  and  boiling.  Nitric  acid  read- 
ily dissolves  it  witli  evolution  of  NO^,  forming-  a  welWrystal- 
lized  nitrate  (distinction  from  antimony).  The  metal  also  dis- 
solves in  aqua-regia,  and  combines  directly  with  chlorine,  bro- 
mine, and  iodine. 

218.  Bismuth  and  the  Alcohol  Eadteah.  —  No  compound  of 
bismuth  and  hydrogen  is  known,  but  bismuth  combines  with 
ethyl,  forming  a  v-ery  unstable  liquid,  which  inflames  spontane- 
ously in  the  ait  and  explodes  at  150°.  It  has  the  compo^tion 
(  GiHs)sBi,  and  from  it  may  be  obtained  the  compound  (  GiH^^ 
Bili  in  yellow  gix-Kded  crystalline  plates.  This  is  the  iodide 
erf"  a  bivalent  radical,  which  forms  also  definite  but  very  unsta- 
ble compounds  with  chlorine  and  oxygen,  and  is  capable  of 
replacing  the  hydrogen  of  nitric  or  sulphuric  acids. 

219.  Bhmulh  and  Ghlorine.  —  Only  one  compound  of  bis- 
muth and  chlorine  is  ktiown,  BiCl^  and  this  may  be  obtained 
either  by  passing  chlorine  over  the  nietal,  by  distilling  the  metal 
with  corrosive  sublimate,  or  by  distilling  the  residue  obtained 
when  a  solution  of  tbe  metal  in  aqua-regia  ia  evaporated  to  dry- 
ness. The  product  in  eidier  csise  is  a  very  ftaible  and  volatile 
Bolid  resembling  the  corresponding  cotnponnd  of  antimony.  It 
diesolves  in  hydroehlorie  acid,  but  i»  decomposed  by  water  into 
l^fwAloric  acid  and  insoluble  osychloride  of  bismuth,  BiOOl. 
The  same  osychloride  is  precipitated  when  a  solution  of  bismu- 
thoas  nitrate  is  poured  into  a  solutkm  rf  common  salt.  It  is  a 
brilliant  white  powder,  known  under  the  name  of  pearl  white, 
and  much  used  as  a  cosmetic.  It  is-  insoluble  in  tartaric  acid, 
anuiionicsulphide,orsolutlonof  potash,  and  ia  thos  distinguished 
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from  oicydiloride  of  antimoay  precipitated  uocler  similar  cendi- 
tions.  BismiitLous  chloride  combines  with  hydrochloric  aciil 
and  the  alkaline  chloi'ides  to  form  double  salts,  and,  like  SbCla, 
may  be  mixed  with  concentrated  solutions  of  these  compouada 
without  undergoing  decomposition. 

The  compounds  of  bismuth  with  hromme,  iodine,  and  fluorine 
are  BiBr^  Bils.  and  BIFI^ 

220.  Bismuth  and  Oxygen.  —  Metallic  bismuth  does  not 
tarnish  in  the  air,  but  at  a  red  heat  t!ie  melted  metai  slowly 
oxidizes,  and  before  the  compound  blow-pipe  it  burns  brilliautly. 
The  product  of  the  oxidation  is  Bismuthous  Oxide,  Bi^O^.  The 
same  compound  is  obtained  by  heating  tlie  nitrate  to  a  low  red 
lieaL  It  is  a  pole  yellow  powder,  which  melts  at  a  full  red  heat 
to  a  dark  yellow  liquid.  It  is  insoluble  in  water,  and  will  not 
directly  combine  with  it ;  but  by  pouring  a  solution  of  bismu- 
thoua  nitrate  io  dilute  mtric  acid  into  dilute  aqua  ammonia,  or 
into  a  solution  of  potassic  hydrate,  a  white  hydrate  of  the  metal 
is  precipitated.  This  hydrate,  when  dried,  has  the  compositioa 
BiOO-H;  but  there  are  reasons  for  believing  that  the  predp- 
il^e  falls  of  the  composition  Bi^O^-i^  By  a  gentle  heat,  or 
by  boiling  with  caustic  alkalies,  all  the  water  is  expelled  and 
A'jOj  is  left.  Bismulbous  oxide  is  a  decided  basic  anhydride. 
It  is  dissolved  by  hydrochloric,  nitric,  and  sulphuric  acids,  form- 
ing definite  salts.  Nevertheless,  by  fusing  the  oxide  with  sodic 
carbonate,  an  unstable  compound  is  obtained,  in  which  the 
metal  is  the  basic  radical  {I^aO'BtO). 

By  passing  clilorine  through  a  solution  of  X-0-^  holding 
BinOg  in  suspension,  a  red  deposit  is  obtained,  which  is  a  mix- 
ture of  bismuthic  add,  H-O-BtO^  and  bismuthic  anhydride, 

Bi^O,  4-  {iK-0-H-if-  %Ul-a-\-  Aq)  = 

tH-0-BiO,  +  {AKOl -\-  H^O  ■\-  Aq).  [227] 

The  two  products  may  he  separated  by  means  of  cold  nitric 
acid,  which  dissolves  only  the  anhydride.  Bismuthic  acid  dis- 
solvea  in  a  solution  of  potassic  hydrate,  giving  a  blood-red  solu- 
tion ;  but  the  salt  thus  formed  ia  very  unstable  and  is  decom- 
posed by  mere  washing.  The  other  compound*  of  the  acid  are 
little  known.  At  a  temperature  of  130°  the  red-colored  acid  is 
resolved  into  water  and  the  brown  anhydride. 
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Bisrouthic  anhydride,  when  gently  heated,  changes  inio  ai)  in- 
termediate oxide,  Bi^Ot,  or  rather  into  a  mixture  of  tliis  oxide 
and  Si^Og.  If  heated  m  a  current  of  hydrogen,  it  is  at  once 
completely  reduced  to  tlie  lower  degree  of  oxidation.  When 
heated  with  sulphuric  or  nitric  acids  it  evolves  oxygen,  produ- 
cing  bismuthous  sulphate  or  nitrat« ;  and  when  heated  with  hy- 
drochloric acid  it  evolves  chlorine,  yielding bismulhous  chloride. 

221.  BUmuthom  Nitrate,  Bi^0^^{NO;>, .  dff^O,  is  the  most 
important  of  the  f^alts  of  bismuth.  It  forms  lai^e  deliquescent 
crystals.  It  readily  dissolves  in  water  strongly  acidlHed  wilh 
nitric  acid,  but  when  mixed  with  a  large  volume  of  water  it  is 
decomposed,  and  a  wliite  basic  salt  of  somewliat  variable  compo- 
sition, formerly  culled  the  magistei'y  of  bismuth,  is  precipitated. 
The  first  precipitate  appears  to  consist  mainly  of  ihe  compound 
Bi-03^{ifO^,H^;  but  this  is  more  or  less  decomposed  by  the 
subsequent  washings.  The  product  is  now  generally  known  as 
the  basic  nitrate  of  bismuth,  and  is  used  medicinally. 

222.  Biamuthovs  Sulphate.  —  When  bismuihous  oxide  dis- 
solves in  sulphuric  acid,  the  normal  sulphate  Bl^iO^i^SO^^  is 
undoubtedly  formed ;  but  when  the  solution  is  evaporated  this 
salt  loses  the  larger  pait  of  its  acid,  and  the  yellow  product 
obtained,  when  the  residue  is  gently  heated,  has,  approximately 
at  least,  the  composition  lBiO)i'Oi'S0i;  although,  being  easily 
decomposed  by  heat,  it  is  difficult  to  obtain  ihe  compound  in  a 
pure  condition.  The  formula  of  the  basic  nitrate  may  also  be 
written  BiOO-NOi-  H^O,  and  the  formation  of  sails  of  this 
type  is  characteristic  of  ihe  class  of  elements  we  are  studying. 

223.  Bismuth  and  Sulphur.  —  The  nalivo  compound  of  bis- 
muth and  sulphur  already  mentioned,  Bi^S^,  is  isomorphous  with 
antimony  glance,  Sb^S^,  which  it  closely  resembles.  The  same 
compound  may  be  obtained  by  fusing  bismuth  with  sulphur  in 
proper  proportions,  and  ali^o  by  passing  H^S  through  the  solu- 
tion of  a  bismuth  salt.  The  precipitated  sulphide  is  black,  and 
is  not  dissolved  by  alkaline  hydrates  or  sulpho-hyd rates.  It  is 
also  insoluble  in  all  the  dilute  mineral  acids,  but  it  dissolves  in 
hot  nitric  acid.  When,  however,  the  solution  is  mixed  with 
water,  most  of  the  bismuth  is  again  precipitated  as  basic  nitrate. 
When  heated  in  the  air,  Bi^Ss  Is  oxidized  and  yields  SO^  and 
B'aOsi  which  melts  to  dark  yellow  globules.  Bi.^muthous  sul- 
phide is  a  sulpho-anhydride,  and  the  following  minerals  may  ba 
regarded  as  sulpho-bismuthites ;  — 
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Kobellile  Orlborhonibic  ?.  Pb^iSsiB^Sb, 

Ifleedle  Ore  "  (_l(h,lPb,)iS^lBi^ 

Wittichenite  «  ICu^^lSJBis, 

Emplectite  "  [C«jj=^^.flia^. 

224.  Characteristic  Beacliom.  —  The  decomposition  of  the 
soluble  salta  of  bismutb  by  water,  with  the  formation  of  an  in- 
soluble basic  salt,  is  the  most  characteristic  reaction  of  this 
ineinl.  The  salts  of  bismutli  are  easily  reduced  oa  (;harcoal 
before  the  blow-pipe,  and  yield  a  metallic  bead,  surrounded  by 
a  yellow  coating  of  oxide. 


Questions  and  Problems. 
NitfOymi. 

1.  In  order  to  determine  the  composition  of  the  air,  863.7  oTm.* 
of  air  measured  under  a  pressure  of  55.76  e.  m.,  and  at  5°.5,  were 
mixed  in  an  eudiometer-tube  witli  a  quantity  of  pure  hydrogen. 
After  addition  of  hydrogen  the  volume  measured  1006.7  c.  ui.°, 
under  pressure  of  69.11  cm.  The  mixture  was  next  exploded 
by  an  electric  spark,  and  after  the  explosion  the  residual  gas 
measured  800.7  cTin.",  under  a  pressure  of  49.14  c.  m.,  and  at  b'.G. 
Eequired  composition  of  air  by  volume  in  100  parts. 

Solution.  By  [4]  and  [9]  it  will  be  found  that  the  three  volumes 
given  above  would  have  measured,  under  the  normal  condi- 
tions, respectively  621.20,  897.38,  and  607.38.  The  absorption 
due  to  the  combustion  of  the  hydrogen  is  then  897.3  — 507.3 
=  390  Ornn'  Of  this  ^  or  130  was  oxygen.  Henee  621.20 
c.~m."  of  air  eont^ned  130  HTm?  of  oxygen  and  491.2  c.  m.* 
of  nitrogen,  or  lUO  parts  contained  20.92  oxygen  and  79.08 

2.  In  another  experiment  8S5.4  cTm.*  of  air  at  5-'), 83  c.  m,,  and 
©".S  were  taken.  After  addition  of  hydrogen,  volume  measured 
1052.7  cTm.*,  at  70  3!  e.  m.  and  0°.5.  After  explosion  the  Volume 
was  reduced  to  858.3  cTSr',  at  61.36  c.  m.  and  0°.5.  Required 
composition  of  air  by  volume  in  100  parts, 

Ans.  Oxygen  20.93,  nitrogen  79.07. 

3.  One  cubic  metre  of  dry  air,  measured  under  normal  conditions, 
was  passed  over  ignited  copper-turnings.  How  much  must  the 
copper  have  increased  in  weight  ?  Ans.  299.9  grammes. 

1.  In  preparing  nitrogen  gas  by  [132],  what  volume  of  nitrogen 
is  obtained  for  every  litre  of  chlorine  used  ?  Ans.  J^  of  a  litre. 
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.5.  What  weight  of  nitric  acidj  1^..  Gr,  =  i,47,  can  be  made  from 
1 70  kilos.  <rf  soda  nitre,  and  what  weight  of  Buliihuric  acid  must  be 
used  in  fhe  process  ?  [135.] 

Ans.  196  kilos,  of  sulphuric  acid,  16S.4  nitric  acid. 

6.  When,  in  the  preparation  of  nitric  acid,  two  molecules  of  nitre 
are  used  to  each  molecule  of  sslphuiic  acid,  one  half  of  the  nitric 
aci4  is  given  off  with  great  readiness;  b^t  to  obtain  the  setond  half 
we  must  beat  the  materials  to  a  much  higher  temperature  In  the 
first  stage  of  the  reaclion  sodic  bisulphale  la  formed,  and  in  the 
second,  neutral  sodic  sulphate.     Write  the  two  suctessne  rea  lions 

r.  How  much  sulphuric  acid  is  required  for  the  decomposition  of 
303.3  grammes  of  potasslc  nitrate  ?  Ans   294  f,ianimes 

8.  Write  the  reaction  of  nitric  acid  on  suSphur,  assuming  that 
the  products  are  sulphuric  aeid  a»d  nitric  oside 

9.  Write  the  reaction  of  nitric  aeid  on  copper,  assuming  that  the 
products  are  cupric  nitrate  and  nitric  oxjde. 

LO.  How  much  nitric  acid  (5p.  Gr.  1.228)  is  required  to  dissolve 
U.7  grammes  of  copper?  Ans.  107.$  grammes. 

II.  How  much  to  dissolve  16,7  grammes  eupric  oxide  ? 

Ans.  73.21  grammes. 

13.  Aquantit^ofplujnbicnitrate,  weighing  0.993  grammes,  jieldfl 
on  ignition  0.669  gramme  of  jJombic  oside.  By  another  determi- 
nation it  appears  that  1.324  grammes  of  tie  same  salt,  ignited  in  a 
glass  tube  with  copper^urpings,  yield  89.34  c.  m."  of  nitrogen. 
Iteduce  the  percentsfpe  oompcsition  and  symbol  i^  nitric  acid, 
assuming  that  the  coraposition  of  plumbic  oside  and  the  atomic 
weight  of  lead,  oxygen,  and  nitrogen  are  known.  Wbat  reason  have 
you  for  assuming  that  the  ftcid  molecule  contains  only  one  atom  of 
hydrogen  ? 

IS.  Write  the  reaction  of  nitric  aeid  on  phosphorus,  assuming 
that  phosphoric  acid  and  one  or  more  of  the  oxides  of  nitrt^en  are 
the  products  of  the  reaction. 

14.  Write  the  reaction  of  nitric  acid  on  cotton.    (31,) 

15.  Illustrate  by  means  of  a  table  tte  relations  of  the  various 
acids  and  anhydrides  which  tp^f  be  theore^e^lly  derived  from 
orlbonitrjc  acid. 

16.  Ip  nitfic  Bcid  and  the  nitrates,  what  is  tie  qiaonti valence  of 
nitrogen  ? 

17.  In  nitrous  aeid  and  the  nitrites,  what  is  the  quantivalence  of 
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IS.  Illustrate  by  means  of  a  table  the  relations  of  the  various 
acids  and  anhydndes  which  may  be  theoretically  derived  from 
orthonitrouB  acida. 

w;th  a  nitrate  7    What  is  the 
o  elassea  of  compounds  ? 

20.  The  Sp.  ©r.  of  nitric  peroxide  vapor  referred  to  air  tas 
been  found  to  be  1.72.  IIow  does  this  value  agree  nith  the  numbeii' 
deduced  from  theory  ? 

21.  With  what  volumes  of  oxygen  gas  must  «ne  litre  of  nitric 
oxiile  he  mixed,  to  prepare  respectively  nitrous  anhydride  and 
nitric  peroxide  f 

22.  The  Sp.  Gr.  of  nitric  peroxide  would  seem  to  compel  us  to 
assign  t«  the  compound  die  symbol  we  have  adopted,  and  the  same 
group  of  atoms  also  constantly  acts  as  a  univalent  radical.  Can 
you  harmoiiize  these  fecli  with  the  tleory  of  (69)  ? 

23.  What  volume  of  oxygen  is  required  to  convert  S  grammes  of 
nitric  oxide  (ia  fresewje  of  water)  ia»  nitric  acid  ? 

Ans.  558..,2  (TiS* 
2i.  Write  the  reaction  of  njtrlc  pciroxide  ooealcic  hydrate. 
25.     In  the  preparation  of  nitric  oxide  by  [132],  why  should  yoa 

^titipate  that  nitrous  oxide,  or  even  nitrogen  gas  might  be  evolved, 

when  the  nitric  acid  was  nearly  exhausted  ? 

2G.  Analyze  the  reaction  [152],  and  represent  the  two  8t*ge»  by 

separate  equations. 

27.  Analyze  the  reaction  [163},  and  determine  the  amounts  of  the 
different  factors  which  should  be  used  in  order  to  make  10  litres  pf 
nitric  oxide  gas. 

28.  Write  the  reaction  when  fen-aus  sulphate,  sulphuric  acid,  and 
nitre  are  heated  (ogethei. 

29.  The  Sp.  ©I.  Bf  nitric  oxide  referred  to  wr  is  J.038.  How 
does  this  compare  with  the  theoretical  number? 

50.  When  sodium  is  heat«d  in  a  eoniiaed  qoantity  of  NO,  th« 
volume  of  the  gas  is  reduced  to  one  half,  and  the  residue  is  found 
to  be  pure  Bitrfge«.  Assiiming  that  the  Bp.  Gr.  is  known,  show 
that  this  fact  proves  that  the  symbol  we  have  assigned  to  the  com* 
pound  must  be  correct. 

51.  Anaiyee reaction  [104],»iidBhi>winwhat itdifiersfrom[18S]. 

52.  Whftt  weight  and  what  volume  of  nitrous  oxide  can  be  ob- 
tained froin  240  grammes  of  aznraonic  nitrate  f 

Ana.  132  grammes,  or  66.9  litres. 
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33.  One  litre  of  nitric  oxide  gas  will  yield  by  [155]  wbat  volume 
of  nitrous  oxide  ?  Ans,  ^  litre. 

34.  Analyze  reaction  [156],  and  represent  the  two  stages  by  sep- 
arate equations. 

35.  What  evidence  is  given  that  nitrous  oxide  is  less  stable  than 
nitric  oxide  ? 

3G,  When  sodium  U  heated  in  nitrous  oxide  no  change  of  volume 
results,  and  the  residue  is  pure  nitrogen.  The  Sp.  Gr.  of  nitrous 
oxide  is  22.     Deduce  from  these  facts  the  symbol  of  the  compound. 

37.  What  volume  of  gas  would  a  Ltre  of  nitrous  oxide  yield  when 
decomposed  by  heat  ?  Ans.  Ij  litres, 

38.  What  is  the  quanUvalence  of  nitrogen  in  nitrous  oxide,  and 
what  in  nitric  oxide  V 

S9.  What  are  the  relations  of  the  oxyehlorides  of  nitM^n  to  the 
oxides  7 

40.  What  strong  reason  may  be  adduced  for  doubling  the  formula 
of  nitric  oxydichloride  ?  Would  not  the  same  principle  require  us 
to  double  the  symbols  of  two  of  the  oxides  7  and  what  argument 
can  you  urge  in  favor  of  Ihe  symbols  adopted  in  this  book  ? 

41.  Wbat  is  the  specific  gravity  of  ammonia  gas  referred  to  air, 
and  referred  to  hydrogen  7  Ans.  0.591,  and  8.5. 


43.  What  weight  of  ammonia  would  h«  obtained  from  one  litre 
ofiVOby  reaction  [ICO]?  Ans.  0.7614  grammes. 

4*.  Ammonia  gas  m  j  also  b  f  d  d  by  the  action  of  metallic 
zinc  (when  in  contact  w  th  pi  t  nu  r  iron)  on  a  mixture  of  a 
nilral*  with  a  solution    f  p  ta  h      W    te  the  reaction  [IGl]. 

45.  In  order  to  detern  ne  th  am  nt  of  nitric  acid  present  in  a 
specimen  of  crude  soda  nitre,  1.000  gramme  was  treated  as  in  the 
last  reaction.  The  ammonia  evolved  was  conducted  into  a  solution 
of  hydrochloric  acid,  and  subsequently  precipitated  with  platinic 
chloride.  Thta  precipitate  weighed  2.1017  grammes.  What  was  the 
per  cent  of  pure  soda  nitre  ?  Ans.  80%. 

46.  In  order  to  obtiun  10  litres  of  ammonia  gas,  how  many 
grammes  of  sal  ammoniac  must  be  taken  7  Ana.  33.96. 

47.  What  volume  of  nitrt^en  would  be  formed  by  burning  one 
litre  of  ammonia  ?     Write  the  reaction.  Ans.  J  litre. 

48.  When  an  organic  substance  is  heated  with  soda  lime  (a  mix- 
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ture  of  caustic  BOtla  and  lime),  all  the  nitrogen  present  19  evolved  aa 
ammonia,  wbtch  may  be  collected  in  bjidrochloric  acid  and  com- 
bined with  platinio  chloride  as  above.  In  a  given  Jetermination 
the  weight  of  the  precipitate  thus  obtained  ivas  2.232  grammes. 
What  was  the  weight  of  nitrogen  is  the  compound  ? 

Ans.  0.140  grammes. 

49.  Be^uce  from  the  results  of  tbe  eudiometric  experiments  de- 
scribed on  page  241  the  symbol  of  ammonia  gas.  Must  we  know 
the  gpeeiSc  gravity  in  order  to  fix  tbe  formula  definitely  ? 

50.  Show  that  the  result  of  the  experiment  with  chlorine  gas 
confirms  the  formula  just  deduced. 

61.  Write  tbe  symbols  of  the  difierent  amines  according  to  the 
plan  of  (29). 

53.  The  amides  may  he  derived  from  the  corresponding  acids 
through  nbat  replacement  ? 

G3.  After  what  two  types  may  the  symbols  of  the  amides  be 

54.  Write  the  ^ymbolfl  of  oxamic  and  succinamic  acids  after  (he 
water  type. 

55.  Explain  the  meaning  of  tbe  terms  basic  and  alcoholic,  as 
applied  to  the  atoma  of  hydrogen. 

GS.  Write  the  symbols  of  the  two  iactamides  after  the  ammonia 
type. 

57.  How  may  tbe  imide  and  nitrile  compounds  be  regarded  as 
constituted  on  the  type  of  ammonia  ? 

i  cyanides  of  what 

59.  Why  should  you  anticipate  that  the  imide  compounds  would 
have  an  acid,  and  the  nitrile  compounds  a  basic  character? 

60.  Write  the  reactions  which  take  place  when  acetic,  benzoic, 
lactic,  and  oxalic  acids  combine  with  ammonia. 

61.  Write  the  reactions  corresponding  to  [174  and  175],  using  the 
Bodium  instead  of  tbe  ammonium  salts. 


62.  What  proof  do  you  have  that  ammonium  is  a  univalent  rad- 
ical? 

63.  What  per  cent  of  NH,  does  the  platinum  salt  contain  ? 

64.  When  aqua  ammonia  is  added  to  a  solution  of  ferric  chloride, 
(Fe^'jClt,  ferric  hydrate,  (fejffo,,  b  precipitated.  Write  tbe  re- 
actJOQ. 
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C5.  Write  tno  reactjona  in  which  aqua  ^aoimonia  acts  like  a.  sdu- 
ttoD  of  caiutit;  eoda,  and  tno  others  in  which  it  doea  not. 

66.  Write  'the  reaction  whiuh  takes  place  when  a  mixture  of  am- 
moalc  chlori*le  nith  calcic  carbonate  is  nublimed. 

67.  Write  the  reaction  by  which  the  sublimed  carbonate  when 
exposed  to  the  ^r  changes  to  the  acid  carbonate. 

68.  When  a  solution  of  ammouic  chloride  is  boiled  with  a  solution 
of  caustic  sodSi  ammonia  gas  is  evolved.     Write  the  reaction. 

69.  Write  the  sjrabols  of  the  compounds  formed  by  the  unbn  of 
the  amines  described  in  (167),  both  with  liydrochloric  acid  and  with 

70.  Write  the  symbol  of  the  ammonium  base  which  contains  the 
radicals  phenyl,  C,ff„  amyl,  C^H,^,  ethyl,  Cjff,,  and  methyl,  CH,. 

71.  Show  what  different  compounds  may  be  formed  by  the  dehy* 
dration  of  the  acetate,  lactate,  and  oxalate  of  ammonia. 

PAospkorus. 

72.  The  Sp.  Gr.  of  phogphoriia  vapor  has  been  observed  to  be 
63.S,  and  according  to  Deville  no  material  change  is  eifected  by  a 
tonperature  of  1,0*0",  Moreover,  the  specific  gravities  of  the  va- 
pors of  the  following  compounds  have  been  determined,  and  also 
the  per  cent  of  phospborus  which  they  contain. 


Pbosphuretted  Hydrogen,  17.i  91.18 

Phosphorous  Chloride,  68.4  22.55 

Phosphoric  Oxychloride,  7G.6  20.19 

Given  these  results  of  observation,  show  how  the  atomic  weight  of 
phosphorus  and  the  molecular  constitution  of  the  elementary  sub- 
stance may  be  determined. 

13.  The  atomic  weight  of  j)hosphoras,  now  received,  whs  found 
by  burning  a  known  weight  of  red  phosphorus  in  perfectly  dry  air, 
and  weighing  the  phosphoric  anhydride  thus  formed.  Assuming 
that  one  gramme  of  plioephorus  yields  2.2903  grammes  of  phosphoric 
anhydride,  what  must  be  the  atomic  weight  of  phosphorus  ?  How 
fao-docs  ihi«  experiment  modify  the  conclusion  reached  in  the  last 

74.  How  much  [Jjosphorus  can  be  obtained  from  9-3  kilos,  of  pttfe 
calcic  phosphate  by  [179]?  Ans.   I.a4  kilos. 

75.  Can  you  discover  any  connection  between  the  diffsrence  of 
specific  heat  of  the  two  varieties  of  phosjAorus,  and  the  difference 
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of  caloiiflc  power  ?    Does  tkft  fir«  differenea  wholly  osptaift  the 
last? 

76.  Show  that  orcho-  aaA  meta-^Aospboric  acid  msf  be  derived 
from  the  assumed  pentatomie  aejd  by-  anccea»ive  dehjdpation,  and 
make  a  table  which  shall  exhibit  the  different  possible  dtrivatives 
of  this  compound. 

77.  Taking  ortbophosphoric  acid  as  the  starting-point,  in  place  of 
the  assumed  pentatomie  acid,  show  how  the  diti'crtut  varieties  of 
pbosphorio  acid  may  be  deduced. 

78.  What  is  the  basii:ity  of  phosphorous  and  hypophosphoroos 
acids  ?  and  what  is  the  quantivalence  of  phosphorus  itt  these  com- 
pounds ? 

79.  Wben  either  phosphoroHS  or  hjpophosphorous  acids  are  heat- 
ed, they  break  up  into  orthophosphoric  acid  and  PH,.  Write  the 
reaction  in  each  case. 

80.  Compare  tc^ether  the  nitrates  and  phosphates  of  the  univa- 
lent and  bivalent  metallic  radicals. 

81.  Write  the  reaction  of  a  solution  of  ai^ntic  nitrate  on  a 
solution  o[  common  sodic  phosphate,  and  show  why,  after  precipita- 
tjon,  the  solution  must  be  acid. 

S2.  Write  the  reaction  which  takes  place  when  common  sodic 
phosphate  is  heated  to  redness. 

83.  Write  the  reaction  of  a  solution  of  ai^ntic  nitrate  on  a  solu- 
tion of  sodic  pyrophosphate.  If  the  first  salt  is  used  in  excess,  why 
must,  the  solution  alter  the  precipitation  be  neutral  ? 

84.  Pyrophosphonc  atid  may  be  prepsred  by  first  adding  plutni 
bic  acetate  to  a  solution  of  so^  pyropbo^bate,  when  plumbic 
pyrophosphaW  is  precipitated,  and  tfaen  decomposing  this  preeipi* 
tatft  suspended  in  water  with  //,S.  The  solution  thus  obtained 
evaporated  in  tacuo  gives  crystals  of  the  compound.  Write  the 
reactions.  Why  may  not  the  solution  be  evaporated  by  heat  in  the 
usual  way  ?■ 

85.  Write  the  reaction  which  takes  place  when  Pffj  bums. 

86.  Write  the  symbols  of  Trimethyl-phosphine  ;  Tetramethyl- 
phosphonium  Hydrate ;  Trimethyl-amyl-phaephonium  Iodide. 

87.  Wrhe  the  symbols  of  the  platinum"  and  gold  salts  of  tetra- 
ethyl-phosphonium.    (13«)  (147). 

88.  Write  the  symbols  of  Triethyl-phosphine  Oxide  and  Triethyl- 
phospbine  Iodide.  How  does  the  U«t  differ  from  Trietbyl-phosiAo- 
nium  Iodide? 
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89.  Explain  the  use  of  PCl^  as  a  reagent,  and  give  illustrations 
of  its  peculiar  action. 

90.  Can  you  devise  a  method  by  which  the  reaction  [183]  may 
b«  appUud  ia  the  preparation  of  phosphorous  acid  '! 

91.  Does  the  reaction  [186]  throw  any  light  on  the  constitution 
of  phosphoric  acid  ? 

92.  What  different  degrees  of  quantivalence  does  phosphorus 
manifest  ia  the  voiupounds  describtid  above  ?  Point  out  the  ex> 
Eimplea  of  each  condition. 

93.  Make  a,  summary  of  the  resemblances  and  dilTerencea  be- 
tween the  compounds  of  nitrogen  and  those  of  phosphorus. 

Arsenic, 

94.  Represent  by  graphic  symbols  the  constitution  of  Mispickel, 
and  show  hotr  it  is  possible  that  the  double  atom  of  sulphur  should 
replace  the  double  aWJm  of  arsenic. 

95.  What  should  be  theoretically  the  sjfccific  gravity  of  arsenic 
vajior  referred  to  air  ?  Ans.  10.4. 

96.  Compare  together  the  formula:  of  nitrous  and  arsenious  acids, 
and  point  out  their  relations  to  each  other,  la  phosphorous  acid 
allied  to  the  other  two  ? 

97.  Write  the  reactions  by  which  cupric  and  argentic  arsenites 
are  formed. 

98.  Write  the  symbols  of  the  three  hydrates  of  arsenic  acid,  and 
give  their  names,  following  the  analogy  of  pbosphoiic  acid. 

S9.  If  the  arsenlates  [190]  are  heated  until  all  the  water  is 
expelled,  what  will  be  the  symbols  of  the  compounds  \e(t  ? 

10(1.  Write  the  reaction  of  argentic  nitrate  on  a  solution  of  either 
of  the  compounds.     [190.] 

101.  Write  the  reaction  of  a  solution  of  magnewc  sulphate  and 
ammonia  on  a  solution  of  either  of  the  compounds.     [190,] 

102.  State  the  differences  between  phosphoric  and  arsenic  acids, 

103.  Write  the  reaction  ■which  takes  place  when  H^As  bums, 
both  with  a  sufficient  and  with  a  limited  supply  of  oxygen, 

104.  How  may  the  reactions  described  in  (197)  be  used  to  detect 
the  presence  of  arsenic  in  a  suspected  liquid  ? 

105.  How  could  yon  discover  the  presence  of  the  arsenic  acid 
formed  by  reaction  [193]  ? 
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106.  Stale  tbe  resemblances  and  iMerences  between  the  amines, 
the  phosphineg,  and  tbe  araines. 

107.  Is  the  quantivalence  of  arsenic  the  same  in  all  the  eom- 
pbunda  of  kakodjl ? 

108.  In  what  respects  does  iakodjl  resemble,  and  in  what  does 
it  differ  from,  the  torreeponding  compound  of  phosphorus  ? 

109.  Does  tbe  relation  of  arsenic  to  chlorine  differ  materially 
from  the  relation  of  phosphorus  to  the  same  element  ? 

110.  ■\Vriffi  the  reaction  of  H,S  on  a  solution  of  ^SjO,  in  dilate 
hydrochloric  acid- 
Ill.  Analyze  the  reactions  [195]  and  [19G],  and  give  the  names 

of  the  products  wbich  are  formed. 

112.  What  would  be  the  chemical  names  of  the  minerals  Prons- 
tito  and  Enargite,  and  what  are  the  corresponding  oxygen  com- 
pounds ?    Define  tbe  class  of  componnds  to  which  these  minerab 


Anliman^. 

113.  Why  is  the  molecular  weight  of  antimony  doubtful  ? 

114.  Theoretically,  what  weight  of  metallic  antimony  should  be 
obtained  from  1,020  kilos,  of  antimony  glance  ?       Ana.  732  kilos. 

115.  The  most  common  impurities  of  commercial  antimony  are 
arsenic,  iron,  copper,  and  lead.  Why  should  ihe  process  described 
(20G)  tend  to  remove  these  substances  ? 

116.  Wnte  the  reaction  when  antimony  burns. 

117.  Write  the  reaction  of  nitric  acid  on  antimony,  assammg 
that  tbe  products  are  Sb^O^  and  NO. 

118.  Write  tbe  reaction  of  hydrochloric  acid  on  Sh,Sg.  What 
will  prevent  tbe  resulting  solution  from  becoming  turbid  when 
mixed  with  water  ? 

119.  What  should  be  theoretically  the  8p.  Gr.  ot  SlC'l,f 

120.  Why  is  it  probable  that  the  double  chlorides  (207)  are 
moleculsr  compounds  ? 

121.  When  SbCl,  is  mixed  with  strong  HCl-\-Ai,  what  com- 
pound would  analogy  lead  us  to  suppose  b  formed  in  the  solution  ? 

122.  Write  the  reaction  of  chlorine  gas  (in  excess)  on  antimony 
and  on  SbCl,. 

123.  Write  the  reaction  of  water  on  SbBr^  and  Sbl,. 
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194.  Writfl  the  Teactiotti  when  S5,0,  disBolvesin  ^a  +  ^jand 
H^SO^.    [202.] 

125.  Write  tbe  reac^a  irkeo  SkfO^  diesolves'  in  cream  of  tartar. 

12G.  Write  tbe  reaction  when  tartar  emetic  b  heated  to  200°. 

JST.  Wrile  the  eylnbols  of  the  compounds  formed  by  dissolving 
Asfi,,  J,!,0„  or  Bifi^  in  cream  of  fariar. 

13S.  Write  the  symbols  of  tbe  coDipotinds  of  the  same  class 
derived  from  Fe^O^,  Cr^O„  and  Bfi^,  assuming  that  the  radicala 
Fe,0,.  Cr^,,  and  BO  replace  tho  SbO  of  tartar  emetic. 

129.  Write  tbe  reaction  when  to  a  solution  ilf  tartar  emetic  iS 
added  a  solution' of  calcie  chloride^  knowing  tJ>a(  the  eorresponding 
lime  compound,  being  Insoluble,  ie  preoipitat«d.  Caluium,  h  itiusl 
be  remembered,  takes  the  place  of  two  atoms  of  potassium. 

130.  Write  tbe  symbol  of  diaceto-dietbylic  tartrate. 

131.  State  tbe  grounds  for  the  dJsEinctiori  between  tlie  three  sets 
of  hydrogen  atoms  which  tartaric  acid  contains.  By  what  names 
do  you  distinguish  tbe  different  sets  of  atoms,  and  what  other  ex- 
amples have  been  studied  in  which  si  similar  distinction  baa  been 
made  ? 

132.  What  'a  the  name  of  tha  cwupound  H^K^W^-S\0,t 
Write  tbe  reaction  of  a  solutitm  of  this  reagent  upon  a  solution 
ofA'aC;. 

133.  On  boiling  its  solution,  the  acid  potassic  pyroantimoniate 
changes  into  a  metantimoniate  which  does  not  precipilMe  soda. 
Write  the  reaction. 

134.  Write  the  reaction  of  (//CT-J-^j)  on  Zn^Sh^  assuming 
that  the  product  is  ff.Sfi, 

135.  Write  the  symbols  of  the  ethyl  and  amyl  compounds  of 
ftDtimony,  following  the  analogy  of  the  methyl  compounds  whose 
symbols  are  given. 

186.  Write  the  reaction  of  triethyl-stibine  on  hydrochloric  acid. 

137.  Represent  by  graphic  symbols  tbe  constitution  of  Zn^Sli, 
and  Zn,S\,  and  give  the  symbols  of  other  compounds  formed  after 
tbe  same  type- 

138.  Write  the  reaction  when  antimonlons  oxide  and  sulphur  are 
melted  together. 

139.  Write  the  reaction  when  H^S  is  passed  through  a  solution  of 
tartar  emetic. 

140.  Analyze  reaelions  [231],  [222],  and  [223].  and  name  the 
classes  of  compounds  to  which  tbe  several  products  belong. 
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141.  Show  hy  eyrahoh  the  relationa  of  the  assamed  sulphur  acids 
to  nhicb  tbe  several  sulphantimonites  axe  referred. 

142.  E:<plaiii  the  distinction  bi^tween  a  chemical  cotDpound  and 
a  molecular  aggregate.  What  diHerenC  orders  of  eombination  do 
the  facts  and  the  atomic  theory  ref[uire  of  ua  to  assume  in  such  a 
mineral  as  Tetrahedrite  ? 

143.  How  are  the  phenomena  of  isomorphoua  substitution  in  the 
mineral  kingdom  to  be  expl^ned  in  harmony  itith  the  atomic 
theory  ? 

144.  Write  the  reaetjon  of  H^S  on  a  solution  of  SbCl^ 

145.  Write  the  reaction'of  hydrochloric  acid  on  the  precipitate 
obtained  by  the  lasC  reaction. 

Bismuth. 

14G.  Represent  by  graphic  symbols  the  eonsdtution  of  Bismuth 
Glance,  and  Tetradymite. 

147.  Compare  the  qualities  of  metallic  bismuth  with  those  of  the 
other  elementary  substances  belonging  fo  the  same  series,  consider- 
ing especially  the  crystalline  form  and  the  specilic  gravity. 

148.  Write  the  reaction  of  nitric  acid  on  bismuth,  and  compare 
this  reaction  with  that  of  nitric  aciil  on  antimony. 

14D.  Wrile  the  reaction  of  aqua-regia  on  bismuth. 

150.  Compare  the  compounds  of  thp  alcohol  radicals  with  the 
different  members  of  the  nitrogen  series  of  elements,  and  present 
the  snbjcct  in  a  written  form. 

151.  Write  the  different  reactions  by  which  BiCl^  may  be  formed. 

152.  Write  the  reaction  of  water  on  iJiO,,  and  the  reaction 
when  a  solution  of  bismuthous  nitrate  is  poured  into  a  solution  of 


153.  Why  does  the  presenceVif  a  larpe  amount  of  H,NCl  prevent 
a  solution  of  BiCl^  from  becoming  turbid  when  mixed  with  water? 

154.  Cnmpnro  BiCl,  with  the  corresponding  chlorides  of  the  same 
series.  What  inference  do  you  draw  from  the  fact  that  the  com- 
pound BiC/j  has  not  been  obtained  ?  Have  any  other  facta  been 
mentioned  pointing  to  the  same  conclusion?  What  is  the  evidence 
that  bismuth  is  ever  quinquivalent  ? 

155.  Write  the  reaction  when  bismuth  burns,  or  is  more  slowly 

15G.  Write  the  reaction  when  bismuthoua  nitrate  is  heated  to  a 
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loiD  red  heat.     Why  in  this  process  is  it  important  to  avoid  a  higher 
temperature  ? 

15"  WntP  the  reaction  when  a  sclution  of  bifmulhous  nitrate 
(id  dilute  nitiic  acid)  la  poured  into  a  solution  of  potas'^ic  hjdrate. 

158  Write  the  reactions  when  bismuthous  oxide  dissolves  in 
hjdrothlorc  niri,  or  sulphuric  iLid 

159  Compare  the  oxides  and  hydrates  of  the  elements  of  the 
nitrogen  series,  md  by  tabuliting  iheir  symbols,  show  that  their 
molecular  constitution  ia  analogous  Trace  also  the  vanatiOD  in 
their  properties  as  jou  descend  in  the  series 

160  Write  the  reaction  of 'wat«r  on  bismuthous  nitrate  assum- 
ing that  the  basic  salt  whose  symbol  is  given  above,  together  nith 
free  nitric  acid,  are  the  resulting  products. 

161.  If  Bi^S^  and  Sb,S,  are  precipitated  together,  how  may  the 
two  he  separated  ? 

162.  Write  the  reaction  when  Bi,Sj  is  roasted  in  a  current  of  air, 
1G3.  To  which  of  the  three  classes  of  salts,  distinguished  on  page 

273,  must  the  several  sulpho-bismuthites  be  referred  '! 

164.  Compare  the  sulpho^salts  of  bismuth,  antimony,  and  arsenic, 
and  point  out  theii  mutual  relations. 
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225.  VANADIUM.  r=  51.21.  — Trivalent  andtjuinqui- 
valent.  A  very  rare  eletoent,  discovered  in  1830  id  the  iron 
ores  of  Taberg  in  Sweden.  It  has  since  been  found  associated 
with  tlie  iron  and  uranium  ores  of  other  localities,  and  more 
recently  it  has  been  found  in  considerable  quiintities  in  certain 
remarkable  metalliferoua  sandstone  beds  occurring  in  the  county 
of  Clieshire  in  England.  Vanadium  is  also  the  esseniiid.  con- 
stituent of  a  few  very  rare  minerals.  Of  these  ihe  most  impor- 
tant is  Vanadinite,  which  ia  a  vanadiate  of  lead,  and  so  closely 
resembles  the  native  phosphate  and  arseniate  of  the  same  metal 
as  to  leave  no  doubt  that  all  three  have  a  similar  molecular  con- 
stitution, and  hence  that  vanadium  is  a  perissad  element  like 
phosphorus  and  arsenic.  Thus  we  have  the  following  minerals, 
which  are  all  isomorphous  with  each  other;  — 

Apatite  (  Ca,F)  ix  OMPO)s, 

Pyromorphite  (Pb,  CI)  i-  0,i^(PO)^ 

Mimeline  (Pl>,Cl)\-'0^i'{AsO)^ 

Vanadinite  (Pi,Cl)i^Oi-'(VO)^. 

The  study  of  the  other  compounds  of  vanadium  leads  to  the 
same  conclusion,  and  shows  that  the  same  character  already  no- 
ticed in  Biiimuth  and  Antimony  is  developed  in  this  element  lo 
a  still  higher  degree.  The  lowest  oxide  of  vanadium,  VO,  is  a. 
powerful  univalent  or  trivalent  radical,  and  combines  with  chlo- 
rine or  replaces  hydrogen  like  an  elementary  substance,  and  all 
the  well-detined  compounds  of  the  element  may  be  regarded  as 
compounds  of  this  radical,  called  Vanadyl.  Thus  all  the  so- 
called  chlorides  of  vanadium  contain  oxygen,  and  are  chlorides 
of  vanadyl.  We  have,  for  example,  (  VO)  01,  a  light-brown  pow- 
der, (  VO)s  Cl^  in  brilliant  green  tabular  crystals,  and  (  VO)  0?^, 
a  yellow,  fuming,  volatile  liquid  boiling  at  ISS".?.  Tliis  liquid 
has  a  Sp.  Gr.  =  1.84,  and  the  Sp.  Gr.  of  its  vapor  =  88.2.  It 
ias  been  proved  to  contain  oxygen. 

The  oxides  of  vanadium  arc,  — first,  V^O^  or  VO-VO,  ob- 
tained as  a  gray  metallic  powder  when  the  vapor  of  VOC'l^ 
mixed  with  hydrogen  is  passed  over  red-hot  carbon.     It  dis- 
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solves  in  dilute  acida  with  the  evolution  of  hydrogen,  and  can- 
not be  depL-ived  of  its  oxygen  except  with  ihe  greatest  difficulty. 
Secondly,  VA  obtained  as  a  black  powder  when  FjO;  is  re- 
duced by  liydi-ogen  at  a  red  heat.  It  is  insoluble  ia  acids. 
Thirdly,  FjO„  oblained  in  the  form  of  blue  shining  crystals  by 
allowing  FjOg  lo  nbsorb  oxygen  from  the  air.  Foui'thly,  V^O^, 
vanadic  anhydride,  a  brownish-red  crystalJine  solid,  fusible  at 
a  red  heat,  and  sparingly  soluble  in  water.  The  solution  has 
a  yellow  color,  acd  is  strongly  acid  ;  but  no  definite  hydrale  has 
been  described. 

From  vanadic  anhydride  we  derive  the  vanadates,  of  which 
there  appear  to  be  two  classes  corresponding  to  the  phosphates. 

Meta-vanadates,  as  in  Nff,-0-VO^  or  Iia'0,'{VO,),. 
Ortho-vanadates,     as  in       Ma^^Os^VO,     or     Pb^lO^i^VO)^ 

and  still  a  third  clafs,  the  so-called  bivanadates,  of  which  the 
sodium  salt  NafO^  V^0^  is  an  example. 

There  appear  to  be,  also,  two  classes  of  sails,  in  one  of  which 
vanadyl  (  VO),  and  in  the  other  vanadium  ilself,  act  as  ihe  basic 
radical ;  but  they  have  not  been  as  yet  fully  investigafed.  The 
salts  of  the  first  class  are  the  most  stable ;  those  of  the  second 
have  a  very  strong  affinity  for  oxygen.  Vanadic  anhydride 
dissolves  in  concentrated  sulphuric  acid  when  boiling,  giving  a, 
dark  red  solution.  If  this  is  diluted  with  fifty  times  its  volume 
of  water,  and  heated  with  metallic  zinc,  it  rapidly  changes  color, 
passing  llu-ough  all  shades  of  blue  and  green  until  it  attains  a 
permanent  lavender  tint.  To  each  of  these  shades  corresponds 
a  certain  degree  of  oxidation  of  the  dissolved  vanadium,  thus 
bright  blue  to  I^0<,  green  to  F2O3,  and  !a(ender  to  I  O5;  and 
by  using  less  active  reducing  agents  the  change  miy  be  ar- 
rested at  any  desired  point.  The  lavender  solu  on  absorbs 
oxygen  with  such  avidity  as  "to  bleach  ind  go  and  other  vege- 
table coloring  matters  as  quickly  as  clilor  ne  and  fat  more  pow- 
erfully than  any  other  known  agent" 

There  are  two  nitrides  of  vanadium,  VN  anil  VN^  which  are 
interesting  since  they  help  us  to  establish  the  atomic  weight  of 
the  element.     The  first  has  been  analyzed,  and  the  result  wasj, 


Vanadium 

77.8 

78.56 

Nitrogen 

20.2 
98.0 

21. 44 
100.00 
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The  properties  of  metallic  vanadium  are  not  well  known,  and 
it  ia  doubtful  whether  the  elementary  substance  has  yet  been 
obtaiued  in  the  state  of  purity.  The  oxide,  V^  0^  was  formerly 
mistaken  for  the  metal,  and  the  old  atomic  weight,  C8,5,  was 
approximately  the  molecular  weight  of  this  oxide,  or  rather  of 
the  radical  vanadyl. 


22G.  tlKANIUM.  £?"=  120.  — One  of  the  rarer  elements. 
Always  found  in  nature  combined  ui:h  osygen,  chiefly  in 
Pitchblende,  which  is  essentially  the  compound  t^Oj,  and  in 
a  rare  minei'al  called  Uranite,  Of  the  last  there  are  two  vari- 
eties: the  first  is  a  phosphate  of  uranium  and  calcium,  and 
the  second  a  phosphate  of  uranium  and  copper. 

Cfl,(CrO).IOJ(PO),.8//,0    or  C'u,{UO),l0^i{PO)^.&H^O. 

In  many  of  its  chemical  characteristics,  uranium  very  closely 
resembles  vanadium.  Like  the  last  element,  it  forms  an  oxide, 
CO,  which  acts  as  a  univalent  radical,  replacing  hydrogen  and 
combining  direcily  with  chlorine;  and  all  the  most  important 
stable  and  characteristic  compounds  of  uranium  may  be  re- 
garded as  compounds  of  this  radical  Moreover,  U^O^  like 
V2O2,  cannot  be  decomposed  by  the  ordinary  reducing  agents, 
and  was  formerly  mistaken  for  the  metal  itself.  Uranyl  acta 
both  as  a  basic  and  as  an  acid  radical.  Of  the  uranyl  com- 
pounds, the  most  important,  besides  the  native  phosphates  al- 
ready mentioned,  are  Uranyl  Chloride,  (  VO)  CI,  Uranyl  Fluor- 
ide, (UO)F,  Uranyl  Hydrate,  {UO)-0-H  (a  yellow  powder), 
Uranyl  Nitrate,  {UO)-0-NO^.dH^O  (b.  beautiful  yellow  salt, 
crystalliEinr;  in  long  striated  prisms),  and  Uranyl-polassic  Sul- 
phate, K^UOyO^'SOi.  H^O;  and  to  these  may  be  added  a 
number  of  remarkable  double  salts,  which  may  be  formed  by 
the  union  both  of  the  chloride  and  the  fluoride  of  uranyl  wldi 
the  chlorides  or  fluorides  of  the  metals,  of  the  alkalies,  or  earths. 
Indeed,  these  double  salts  are  a  characteristic  feature  of  ura- 
nium, and  one  which  becomes  still  more  mai'keJ  in  the  next 
element,  Columbium. 
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If  to  a  solution  of  a  uranyl  salt  we  add  a 
lution  of  any  other  alkali  or  earth,  we  oblaiQ  a  yellow  precipi- 
tate. This  is  not,  however,  as  might  have  been  expected,  the 
hydrate  of  iiranyl,  but  a  compound  of  the  radical  with  the  alkali, 
in  H-hieii  uranyl  acta  as  an  acid  radical.  The  constitution  of 
these  compounds  is  not  well  understood,  but  they  are  probably 
mixtures  of  urauyl  hydrate  with  a  compound  of  the  form 
R-0-{UO).  The  so-called  yellow  uranium  oxide  of  commerce 
is  a  hydrate  thus  prepared,  retaining  about  two  per  cent  of  am- 
monia. All  these  uranyl  compounds  have  a  yellow  color,  and 
the  yellow  oxide  is  used  to  communicate  a  beautiful  and  pecu- 
liar yellow  to  glas."  Glass  thus  colored,  and  the  transpareot 
u      yl     1       re  lid  il      escent. 

J  d      g  f        th  yl      mp      ds  alone,  we  should  con- 

1  d     1    t  w      a  p  d    1  sely  allied  (o  vanadium 

a  d  h  p    f    1  m  nts    but  there  are  other  com- 

po     d     f  111        t       d  !y  conform  to  thb  theory. 

Xh  1         a    1 1     d     UCI_       d  a  series  of  vranous  salts 

(all  having  a  green  color),  in  which  one  atom  of  the  metal  ap- 
pears to  combine  with  two  atoms  of  dilorine,  or  to  replace  two 
atoms  of  hydrt^n.  These  would  seem,  on  the  other  hand,  to 
indicate  that  uranium  was  aa  artiad  element  allied  to  iron  ;■  and 
the  important  fact  that  the  native  oxide,  UsOt,  is  isomorphous 
with  the  magnetic  oxide  of  iron  sustains  this  view.  Uranium 
thus  appears  to  stand  between  the  nitrogen  group  of  elements 
of  the  perissad  family  and  the  iron  group  of  the  artiad  family. 
It  belongs  in  a  measure  to  both,  and  its  compounds  may  be  in- 
terpreted accovding  to  the  one  or  the  other  plan  of  molecular 
grouping.  In  classing  it  with  the  perissads  we  merely  follow 
what  appear  to  be  its  normal  relations;  but  others  may  reason- 
ably entertain  a  different  view,  and  further  investigation  is  re- 
quired to  determine  its  quanti valence.  Uranium  thus  illustrates 
very  forcibly  the  remarks  already  made  on  chemical  classifi- 
cation.    (103.) 

Of  metallic  uranium  but  little  is  known.  It  has  been  ob- 
tained by  decomposing  the  chloride  UCl^  with  potassium,  and 
appears  to  be  a  steel-while  metal  (^Sp.  Gr.  ^  18.4),  which  is 
elightly  malleable,  and  not  readily  oxidized  by  atmospheric 
agents.  If  heated,  however,  it  burns  in  the  air,  and  dissolves 
in  dilute  acids  with  the  evolution  of  bydi-ogen.     The  compounds 
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of  uranium  hare  found  but  few  applications  in  the  arts.  Tlie 
"yellow  oxide"  is  used,  as  already  stated,  for  coloring  glass, 
and  the  so-called  Mack  oxide  (fiOj),  obtained  by  igniting  tbe 
nitrate,  is  employed  as  a  black  pigment  in  painting  on  porceluin. 
The  nitrate,  which  is  the  most  common  soluble  i^ult,  iias  been 
thought  to  have  some  valuable  qualities  in  photography. 


Questiotts  and  Problems. 

1.  State  tlie  grounds  on  which  the  conclusion  in  regard  to  the 
atomiciij-  of  vanadium  is  based,  and  represent  by  .  graphic  symbol 
the  constitution  of  YanadJnite. 

2.  How  does  the  Sp.  Gr.  of  the  vapor  of  vanadic  oxytrichloride 
compare  wiih  the  theoretical  value  ? 

3.  It  has  been  shown  by  careful  analy^s  that  the  above  chloride 
contains  61,276  per  cent  of  chlorine.  What  is  the  atomic  weight 
of  vanadyl,  and  what  that  of  vanadium?     Ana.  67.39,  and  61.39. 

i.  In  order  to  determine  the  atomic  weight  of  vanadium  from 
vanadic  anhydride,  Roscoe  reduced  FsOs  by  hydrogen  to  vanadic 
oxide,  V,Og.     Four  experiments  gave  the  following  results :  — 

Weightof  7,0,  ased.  Weight  of  V,Oj  obtained. 

1st,  7.7397  grammes,  6,3837  grammes. 

2d,  6  5819         "  5.4296         " 

8d,  5,1895         "  4.2819         « 

4th,  5.0450         "  4.1614         " 

Deduce  the  atomic  weight  of  vanadium, 

5.  Berzf  lius  assigned  to  Vanadic  Anhydride  the  symbol  VO,,  and 
to  Vanadyl  Chloride  the  symbol  VCI^.  On  this  hypothesis  be  found 
for  the  atomic  weight  of  vanadium,  by  the  method  of  the  last  prob- 
lem, the  value  137  (when  0=  16),  which  would  be  reduced  to 
134.74  by  the  more  accurate  determinations  of  Roscoe.  State  the 
reasons  for  believing  that  the  true  atomic  weight  of  the  element  is 
51.21,  and  that  the  compounds  have  the  symbols  assigned  to  them 
above.  Show  how  far  these  conclusions  have  been  proved,  and 
point  out  the  cause  of  the  former  error. 

6,  State  the  grounds  for  classing  uranium  with  vanadium,  as  well 
as  the  reasons  which  might  be  urged  for  associating  it  with  iron,  and 
write  the  rational  symbols  of  the  uranium  compounds  on  the  as- 
sumption that  this  element  is  an  artiad. 
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ni.  COLUMBIUM  {mobivm).  CS  =  94.  —  Pentad. 
-This  element  forms  the  acid  radii'al  of  Pyrochlore,  Columbite, 
Samarskite,  Euxenite,  Aeschyniie,  Fergusonite,  and  a  few 
other  rare  minerals.  They  are  all  compounda  of  eolumbtc 
anhydride,  Cb^Os,  with  various  metallic  oxides,  —  among 
whieh  those  of  cerium,  yttrium,  and  their  associated  elements 
are  especially  to  be  di:jtinguished.  The  colnmblum,  however, 
13  almost  invariably  replaced  to  a  gi-ealer  or  less  extent  by  tan- 
talum. Columbite,  the  most  abundant  of  these  minerals,  has 
the  symbol  lFe,M.iyO^^{lCb,Ta']0^)^.  It  has  a  black  color,  a 
Bubmetallic  lustre,  and  a  specific  gravity  from  5.4  to  6.5,  in- 
creasing as  the  proportion  of  tantalum  increases.  When  finely 
powdered  it  is  easily  decomposed  by  fusion  with  potassic  bisul- 
phate,  and  on  subsequently  boiling  the  fused  mass  wiih  water 
a  white  insoluble  residue  is  obtained,  which  consists  chiefly  of 
CiaOj,  and  from  this  the  different  compounds  of  columbium 
may  be  prepared.  Of  these  the  most  characteristic  are  the 
following:  — 

228.  Columhic  Anhydride.  Cb^O^.  —  A  while  powder,  which 
becomes  crystalline  when  heated,  and  is  afterwards  insoluble  in 
al!  acids.  It  has  a  Sp.  Gr.  between  4.37  and  4.53.  Before 
ignition,  and  when  in  condition  of  hydrate  (Columbic  Acid  ?), 
it  dissolves  in  strong  sulphuric  and  in  hydrofluoric  acids.  After 
boiling  wiih  strong  hydrochloric  acid,  in  which  it  is  nearly  in- 
soluble, the  product  dissolves  in  water,  and  the  solution  treated 
with  zinc  turns  blue  and  finally  deposits  a  blue-colored  oxide. 
When  a  lai^e  excess  of  hydrochloric  aciii  is  pi-esenl,  the  solu- 
tion deposits  a  brown  oxide  under  the  same  conditions ;  but  the 
constitution  of  neither  of  these  compounds  is  as  yet  known.  It 
has  been  staled  that  oxides  having  the  composition  Cb^O^  and 
Gb^Of  have  also  been  obtained.  Columbic  acid  forms  salts 
called  columbates,  and,  besides  the  native  compounds  mentioned 
above,  we  are  acquainted  with  several  potassic  columbates, 
three  of  which  have  been  obtained  in  well-defined  crystals,  but 
they  have  a  very  complex  constitution. 

220.  Columbic  Chloride.  CbCT,.  —  A  yellow  crystalline 
Eolid,  melting  at  104°,  and  boiling  at  341°.     It  has  been  found 
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by  analjaia  lo  contain  65.28  per  cent  of  chlorine,  and  the  6p, 
©t,  of  its  vapor,  by  experiment,  ia  9.6. 

230.  CdumUe  Oxyeldoride.  GbOGl^  —  A  while  solid,  crys- 
tallizing in  silky  tufts,  which  volatilizes  in  the  air,  without  pre- 
viously Dieliing,  at  400°.  It  contains,  according  to  analysis, 
48,9  per  cent  of  chlorine,  and  the  6p.  i®t.  of  its  vapor  has  been 
found  to  be  7.9.  Moreover,  it  has  been  recently  ^roueif  that  it 
contains  oxygen.  Boih  chlorides,  when  treated  with  watef, 
yield  culumhic  acid. 

231.  Colambtc  Ox^uoride.  CTOl'j.  —  This  compound  is 
probably  formed  when  columbic  acid  is  dissolved  in  hydrofluoric 
acid,  but  it  lias  not  yet  been  isolated  in  a  pure  condition.  The 
Bolution,  however,  forms  definite  ci'ysfalline  salts  with  several 
melallie  fluorides,  and  these  are  among  Ibe  most  important  com- 
pounds of  columbium.  The  salt  2KF .  CbOF^.H^O  is  very 
readily  obtained  in  nacreous  scales,  and  being  far  more  soluble 
than  the  compound  of  tantalum  formed  under  the  same  condi- 
tions, 2KF.  TaFs,  it  gives  us  the  only  useful  means  yet  dis- 
covered of  separating  this  element  from  columbium.  A  salt 
has  also  been  formed,  having  the  composition  'i.KF .  ChF^,  and 
isomorpbous  with  the  compound  of  tantalum  just  mentioned. 
It  is  interesting  as  pointing  to  a  fluoride  of  columbium,  GbF^, 
wbii:h  is  not  otherwise  known. 

The  metal  columbium  has  not  with  certainty  been  obtained. 
The  black  powder  described  as  such  by  Rose  is  said  to  be  the 
oxide  Cbfi^. 

An  infusion  of  gall-nuts  gives  with  acid  solutions  containing 
columbium  a  deep  orange-red  precipitate ;  and  by  this  reaction 
columbium  may  be  distinguished  from  tantalum,  which,  under 
the  same  conditions,  gives  a  bright  brown  precipitate. 

232.  TANTALUM.  2'a  =  182,— This  element,assooiated 
with  columbium  in  the  native  columbates  named  above,  is  tlie 
chief  constituent  of  Tanlalile,  Tltrotantalite,  and  of  a  few  other 
minerals  equally  rare,  Tanlalile  is  isomorphous  with  colum- 
bite,  has  the  same  composition,  save  only  that  the  acid  radical 
is  wholly  tantalum,  and  differs  chiefly  in  having  a  higher  Sp. 
Or.,  which  varies  from  7  to  8.  Although  tantalum  is  sO  closely 
allied  to  columbium,  yet  ile  compounds  differ  from  those  of  this 
last  element  in  several  important  respects.  There  appears  to 
be  no  tendency  to  form  oxychlorides  or  oxyfluorides,  —  at  least 
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no  such  compounds  are  known.  The  cliloride  is  TaCl^  a  pale 
yellow  solid,  melting  at  211°,  boiling  at  242°,  and  having  a 
vapor  density  =  12,8.  It  contains  by  analysis  48.75  of  eiilo- 
rine,  and  is  decomposed  by  water,  yielding  tantalic  acid.  The 
fluoride,  is  in  like  manner,  TaFy  It  forms  double  salts  with 
the  metallic  fluoride,  the  most  important  of  which  is  the  potassic 
fluotaiUakle,  2KF.  TaF„  mentioned  above.  Tantalic  anhy- 
dride, Ta^Oi,  is  a  white  powder,  insoluble  in  acids.  It  closely 
resembles  columbic  anhydride,  and  is  prepared  in  a  similar  way 
from  the  native  taDtalat«s,  but  it  has  a  higher  density  {Sp.  Gr. 
::=  7.6  to  8),  and  forms  with  the  alkalies  a  larger  nuinber  of 
crystallized  salts.  There  is  a  hydrate  (Tantalic  Acid  ?),  and 
also  probably  several  lower  oxides  of  the  element  A  solution 
of  laCls  in  strong  sulphuric  acid,  when  diluted  with  water  and 
reduced  wiib  zinc  betimes  colored  blue,  but  yields  no  brown 
oxide  as  in  the  case  of  columblum.  By  reducing  sodio-tantalic 
fluoride  with  sodium,  a  black  powder  is  obtained  which  has  beeo 
supposed  to  be  metallic  tantalum. 


Queslions  and  Problems. 

1.  Calculate  the  percenK^  composition  of  columbite,  on  tlie  aa- 
sumption  that  the  basic  radical  ia  wholly  iron  and  the  acid  radical 
wholly  eolurabium.  Ana.  21.17  FeO  and  78.83  Cb^O^. 

3.  Explain  the  meaning  of  the  symbol  of  columbite  in  (227). 

S.  How  far  do  the  theoretical  Qn,  (^x-  "''  columbic  chloride  and 
oxychloride  compare  with  the  experimental  results? 

4.  The  mean  of  twenty  analyses  of  the  potaswo-eolumbic  oxyfluoi^ 
ide,  2XF.C60F,  ,//jO,  gave  the  following  results:  From  100  parts 
of  the  salt  there  were  obtained  by  the  proceas  of  analysia  adopted 
5.87  parts  of  water,  44.36  of  columbic  anhydride,  57.82  of  potassic 
sulphate,  and  31,72  of  fluorine.  Aseuming  that  the  symbol  of  colum- 
bic anhydride  is  Cb^O^,  and  estimating  the  per  cent  of  oxygen  by  the 
loas,  deduce  the  percentage  compoaition  of  the  compound  and  its 
symbol. 

Ans.  Columbium,  31.12;  Potassium,  25.92;  Oxygen,  5.37;  Flu- 
orine, 31.72;  Water,  5.87. 

5.  What  would  be  the  atomic  weight  of  columbium  if  deduced 
from  the  result  of  the  above  analyaea?  Ans.  93,9. 

6.  Previous  to  the  recent  investigations  of  Marignac,  the  symbol 
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of  columhic  acid  was  usually  written  CTO,  when  (?  =^  8,  or  Q>iO, 
when  O  ^=  16.  What  proofs  have  been  given  of  the  correetnees  of 
ihe  symbol  adopted  in  this  book  ?  What  was  the  probable  cause  of 
the  error  made  by  the  earlier  investigators  ? 

7.  By  wha,t  general  method  may  tantalum  be  separated  from  co- 
lumbiu[nV     iioit  can  you  .tell  when  the  eeparation  is  complete  i* 

8.  What  compounds  of  tantalum  and  cohimbinm  are  iaomorphous? 
What  bearing  does  tbU  fact  have  on  the  symbol  of  tantalie  anhy- 
dride V  Does  the  vapor  density  of  tantalic  chloride  agree  wiih  the 
synibol  wbiuh  haa  been  adopted  ?  Why  ia  there  a  necessary  connec- 
tion between  the  symbol  of  the  chloride  and  that  of  the  anhydride  ? 

9.  How  may  tantallte  be  distinguiehed  from  columbite  ? 

10.  State  the  resemblances  and  the  differences  between  the  two 
members  of  this  group  of  elements. 
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CHAPTER    XIX. 

THE  ARTIAD  ELEMENTS. 

Division  I. 

233.  OXYGEN.  0  t^  1&.  —  Tiyai.  The  moat  abundant, 
and  tlie  most  widely  diffused  of  the  elements.  Forms  one  fifth, 
of  the  atmosphere,  eight  ninths  of  water,  more  than  three  fourths 
of  organized  being-^,  and  one  half  of  the  solid  crust  of  the  globe. 

234.  Oxygen  Gas.  0=0.  —  Ejcists  in  a  fite  state  in  tlie  at- 
mosphere, but  mixed  with  nitrogen  gaa.  May  be  extracted 
from  the  air  by  either  of  the  following  double  reactions.  Me- 
tallic mercury  or  baric  oxide  is  first  heated  in  the  air,  and  then 
Ihe  products  of  the  first  reaction  raised  to  a  much  higher  tem- 


[228] 


1.  2lf0-\-®--®=2I/gO.     1.  2BaO-\-®--®=2BaO^. 

2.  2/^t>=2-%  +  ®^®.    2.  2BaO^=2£aO-\-®<^. 

Generally  obtained  from  commercial  or  natural  products,  rich 
in  oiygen,  by  one  of  the  reactions  given  below.  The  materials 
must  in  each  case  be  heated  to  a  definite  temperature,  and  the 
last  two  reactions  rj^quire  a  full  red  heat. 

2KClOs  =  2KCI  -\-  3®=®.>  [229] 

IK^Cr^O.,  +  10  ff^SO,  = 

A^HKSO,)  +mCr^-\^SO,)  +ZH,0  +  d®m.  [230] 

iMnOj  +  2H,S0^  =  2MnS0^-\-  ^H^O -\-  ®^.  [231] 

ZMnO^  =  Mn^Oi-\-®^.  [232] 

iH^SO^  =  2H^0  +  250^  +  ®--®.  [233] 

Also  by  electrolysis  of  water  and  by  [66].  Oxygen  gas  is  a 
chief  product  of  vegetable  life.      Under  the  influence  of  (he 

1  This  reRCtion  ia  grently  faoilitftted  by  miiing  the  potasaio  chlorato  with 
cQpric  oxide  or  manganic  dimtide,  whioli,  however,  undergo  in  the  procesB 
□0  apparent  change. 


oy  Google 


§235.]  OXYGEN,  301 

Bun's  raya  the  platita  decompose  the  carbonic  acid  of  their  food, 
fixing  the  carbon  and  liberating  the  oxygen.  Oxygen  gas  man- 
ifests intense  affinities,  but  these  are  only  called  into  play  under 
regulated  conditions.  (Eeview  Chapter  XII,  on  Combustion.) 
When  an  elementary  substance  unites  with  oxygen  it  is  said  lo 
be  oxidized,  and  wlien  the  compound  is  decomposed  the  oxide  is 
said  to  be  reduced. 

235.    Oxygen  Compounds.  —  The  most  important  classes  of 
oxides  are  illustrated  by  the  following  symbols  and  examples:— 


1. 

E,0 

or    E,B  0            as 

in     HO 

K,0 

Ag.O, 

2. 

k,0. 

"    it,(k-0)-0      - 

M,0, 

K,0. 

A,,0. 

C. 

BO 

"     }t-0 

FeO 

CaO 

PbO, 

4. 

M,0 

"   (E-Sy-o 

Cv,0 

H,,0 

n,o. 

5. 

HO.i 

••  {S-o)-o 

■        M,M, 

BaO, 

P10„ 

6. 

«,0. 

-    (M-O-Ey.o,    •• 

'        S,0, 

A„,0, 

Bl,0, 

7. 

1"' 

•    E-.O, 

S,0, 

SiO, 

CO. 

8. 

'Ao, 

••    (E'E);0, 

F,,0, 

Al,0, 

Sn,0, 

9. 

"e'^o, 

•'    E-OflE,yO,    • 

F,,0, 

Or,0, 

C'0,0^, 

10. 

1,0, 

"    {E'0-E)10^     « 

N,0, 

Pfi, 

As,0„ 

11. 

11,0 ^ 

"     (E-E)iOt 

V,0^ 

S!,,0, 

Bi,0, 

12. 

no. 

"  iho^ 

SO, 

SeO, 

MoO^ 

As  a  rule,  the  oxides  of  the  forms  1  and  3  act  as  anhydride 
bases  (47).  and  are  called  protoxides.  On  the  other  hand,  the 
oxides  of  the  forms  6,  7,  10,  and  12  generally  act  as  anhydride 
acids.  The  oxides  of  the  form  8  are  called  sesquioxide.  They 
usually  act  a*  basic,  but  sometimes  as  acid  anhydrides,  and  at 
other  times  like  the  hyperoxides  mentioned  below.  The  oxides 
of  the  forms  9  and  1 1  are  very  indifferent  bodies,  and  those  of 
the  first  class  are  sometimes  called  saline  oxides.  The  oxides 
of  the  forms  2  and  5  are  called  di  or  hyper-oxides.  They  act 
as  powerful  oxidizing  agents,  readily  giving  up  one  half  of  the 
■  oxygen  they  contain  [74]  [77].  The  oxides  of  the  form  4  are 
called  suboxides.  They  sometimes  act  as  anhydride  bases,  but 
in  most  cases  when  acted  on  by  acids  they  change  into  protox- 
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ides,  either  giving  «p  one  haJf  of  Ihe  mefal  or  taking  up  as  much 
again  oxygen  as  they  contain.  The  relation  of  the  oxides  to 
the  acids,  bnsef',  and  eahs  haa  been  already  explained.  (Review 
Chapters  IX.  and  X.) 

Besides  the  above  classes  of  oxides,  all  of  which  comprise 
actual  compounds,  there  are  others,  most  of  which  are  only 
koown  as  compound  radicals.  With  many  of  (hese  radicals  the 
student  is  already  familiar,  such  as  SO^  SO,  NO^  NO,  PO,  in 
all  of  wbich  the  oxygen  atoms  only  satisfy  a  part  of  tlie  affini- 
ties of  the  multivalent  atoms,  with  which  they  ore  grouped,  and 
the  quanti valence  of  tbe  radical  is  easily  found  hy  Wurz's  rule. 
(28.)  The  chemists  have  also  been  led  to  assume  a  very  differ- 
ent type  of  oxygen  radicals,  in  which  the  affinities  of  the  oxygen 
atoms  predominate,  and,  moreover,  it  is  frequently  convenient, 
in  expressing  the  composition  of  complex  compounds,  to  indicate 
these  radicals  by  a  single  symbol.  The  following  examples 
illustrate  the  moat  important  classes  of  these  radicals :  — 

Radigala.  Sjnibola.  Eiamples. 

itO  {R-d)  ko  Ho        Ko        (Nff,)o. 

RO^  ( 0-Ji-  0)  So  Cao        Zno         Feo. 

[JsjOo     {OfB-R^l)^)        Mfi  AJ.fi      Fe.p        Crp. 

It  will  be  noticed  that  the  number  of  oxygen  atoms  in  all 
these  cases  corresponds  to  the  quantivalence  of  the  metallic  ele- 
ment With  which  they  are  united,  and  that  the  quantivalence  of 
the  radical  is  the  same  as  that  of  its  characteristic  element. 
Hjdroxyl,  Ho,  is  the  type  of  this  class  of  radicals,  and  names 
may  be  given  to  them  all  formed  after  the  same  analogy  as 
Potassoxyl,  Zincoxyl,  —  but  such  names  are  rarely  used.  The 
relations  of  this  type  of  radicals  to  Ihe  three  great  classes  of 
chemical  compounds  has  been  already  in  part  illustrated  (108), 
and  will  be  still  further  developed  in  ihe  present  chapter. 

236.  Osme.  (0-0)^0. — The  best  opinion  that  can  at  pres- 
ent be  formed  in  regard  to  the  constitution  of  this  remarkable 
substance  is  expressed  by  the  rational  symbol  here  given. 
Ozone  is  formed  under  a  great  variety  of  conditions,  as,  —  1. 
During  the  passage  of  electric  sparks  through  air  or  oxygen. 
2,  During  the  electrolysis  of  ivater.     3.  During  the  slow  com- 


oy  Google 


§23G,] 


303 


buBtion  of  phosphorus  in  moist  air.  4,  During  the  slow  com- 
bustion of  alcohol,  ether,  and  volatile  oils.  5.  By  decomposing 
potassic  permanganate  with  sulphuric  acid,  and  by  several  other 
similar  reactions.  Ozone  as  thus  obtained,  however,  is  very 
largely  diluted  with  air  or  oxygen  gas,  and  we  have  not  yet 
Hucceeded  in  preparing  it  in  a  pure  condition.  It  differs  from 
ordinary  oxygen  gas, — !■  In  having  a  peculiar  odor,  with  which 
■we  are  familiar,  as  a  concomitant  of  electrical  action.  2.  In 
aetin"  as  a  powerful  oxidizing  agent  at  the  ordinaiy  temper- 
ature of  Ihe  air.  It  corrodes  cork,  india-ruhber,  and  other  or- 
ganic materials.  It  bleaches  indigo.  It  even  oxidizes  silver, 
and  displaces  iodine  from  its  metallic  compounds.  If  a  slip  of 
paper  moistened  with  starch  and  polassic  iodide  is  inserted  in 
a  jar  containing  the  smallest  trace  of  ozone,  it  is  immediately 
colored  blue,  owing  to  the  liberation  of  the  iodine  (119).  In 
like  manner,  paper  wet  with  a  solution  of  manganous  sulphate 
is  turued  brown  by  ozone,  owing  to  the  oxidation  of  the  man- 
ganese, and  paper  stained  with  plumbic  sulphide  is  bleached  by 
5ie  same  agent,  because  the  black  sulphide  is  changed  to  the 
white  sulphate.  3.  In  the  fact  that  its  Sp.  Gr.  is  24  instead  of 
IG.  The  formation  of  ozone  in  a  confined  mass  of  oxygen  gaa 
is  attended  with  a  reduction  of  volume ;  and  since  the  ozone  thus 
formed  may  be  absorbed  by  oil  of  turpentine,  we  have  thus  the 
means  of  determining  its  specific  gravity,  and  the  results,  if  cor- 
rect, prove  that  the  molecule  of  ozone  consists  of  three  oxygen 
atoms.  Again,  during  most  cases  of  oxidation  by  ozone,  the 
volume  of  the  ozonized  oxygen  does  not  change,  and  this  fact  is 
consistent  with  the  theory  of  its  constitution  which  our  molecular 
formula  expresses,  as  is  illustrated  by  the  following  reaction :  — 

Jg-Aff  4-  2(0-0)-d  =  A<f/)^  4-  20-0.       [234] 

li  has  lieen  shown,  however,  that  oil  of  turpentine  absorbs 
the  molecule  of  ozone  as  a  whole,  and  is,  therefore,  an  exception 
to  the  general  rule.  The  metal  in  the  above  reaction  is  raised 
to  the  condition  of  peroxide,  and  il  is  probable  that  several  of 
the  oxides  and  oxygen  acids  contjun  one'  or  more  atoms  of  oxy- 
gen in  the  same  condition  as  in  ozone.  Such  compounds  have 
been  called  ozonides,  and  among  them  are  classed  the  peroxides 
of  silver,  lead,  and  manganese,  the  sesquioxides  of  nickel  and 
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cobalt,  as  also  chromic,  manganic,  ami  pernmnganic  acids,  with 
their  various  salts.  Ozone  appears  to  be  constantly  present  in 
the  almosphere,  and  important  effects  have  been  attributed  to 
its  influence.  It  has  been  thought  to  be  the  active  agent  in  all 
processes  of  slow  combustion  and  decay,  and  to  play  an  impor- 
tant part  in  the  economy  of  nature.  At  a  temperature  of  300° 
ozone  is  instantly  changed  into  common  oxygen  gas,  and  at  a 
temperature  no  higher  than  boiling  wafer,  it  slowly  returns  to 
the  same  condition. 

237.  Antozone.  {0'0)^0.  —  Whenever  ozone  is  prepared, 
there  appears  to  be  formed  at  the  same  time  a  second  modifica- 
tion of  oxygen  gas,  which  presents  such  a  singular  antithesis  to 
ozone  as  to  lead  us  to  believe  that  it  is  in  fact  the  same  sub- 
stance, only  oppositely  polarized.  Hence  we  have  called  it  an- 
tozone, and  assigned  to  it  the  symbol  at  the  head  of  this  section, 
although  our  theory  is  not  based  on  any  conclusive  experiments, 
and  our  knowledge  of  the  substance  is  still  very  imperfect.  It 
may  be  obtained  in  several  ways,  —  1.  When  dry  electrified  air 
ia  passed  through  a  solution  of  pyrogallic  acid  orpotassic  iodide, 
the  ozone  is  absorbed  and  the  air  is  left  charged  with  aniozone. 
2.  When  baric  peroxide  is  dropped  into  sulphuric  add,  the  oxy- 
gen evolved  is  more  or  less  charged  with  the  same  agent.  3. 
When  phosphorus  ij  burnt  in  rfryair,  a  small  amount  of  oxygen 
is  always  left  unconsumed,  and  this  appears  to  be  in  the  condi- 
tion of  anfozone.  Indeed,  it  has  been  supposed  that,  in  all  sim- 
ilar processes  of  oxidation,  both  ozone  and  aniozone  are  formed ; 
but  that,  while  the  oxygen  atoms  of  the  first  enter  into  combi- 
nation with  the  burning  body,  those  of  the  last  do  not,  owing  to 
their  polar  condition, 

Antozone  has  an  odor  like  ozone,  but  much  more  repulsive. 
It  does  not  displace  iodine  or  color  the  iodized  paper.  It  does 
not  oxidize  silver  or  the  solution  of  manganous  sulphate,  but,  on 
the  contrary,  removes  from  the  paper  prepared  with  the  man- 
ganous  salt  the  brown  stain  which  ozone  had  made.  On  all 
ozonides  it  acts  as  a  reducing  agent.  [236.]  There  is,  how- 
ever, another  class  of  substances  which  it  oxidizes,  and  among 
these  the  most  important  is  water,  with  which  it  forms  hydrie 
peroxide. 

i^0+  {0-0)'0  =  B,Bo'd  -\-  O'O.  [235] 
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In  maoy  processes  of  ozonizing  air  the  nntozone  unifes  with 
and  thus  condenses  the  vapor  present  aUhou^h  in  most  eases 
at  least,  the  union  appears  to  be  ralhei  mechanical  th  in  chemi- 
cal. The  reaction  is  conBe<iuently  attended  with  the  formation 
of  mists  or  clouds,  which  is  one  of  iLe  dio  t  stnk.ii  g  properties 
of  antozone.  The  smoke  of  gunpowder,  tobaixo  and  smoulder- 
ing wood  has  hcen  thought  to  be  an  antozone  tloud  and  the 
clouding  of  gas  jars  in  many  chemical  experiments  has  been 
referred  to  the  same  cause.  Opposed  to  the  ozonides  we  have 
a  class  of  antozonides,  among  winch  have  been  daf^cd,  besides 
the  peroxide  of  hydrogen,  the  pei  oxides  of  barium  'tronlium, 
sodium,  and  potassium,  and  reaction'!  miy  be  obtained  between 
these  two  classes  of  compounds  whah  are  ^eiy  interesting. 
Tliey  mutually  decompose  each  other,  with  the  evolution  of 
Oxygen  gas,  thus;  — 

{Pb-Oy-d-\- H,no--d^PbO-i^  H^0-\-  O^O.  [236] 

Compare  also  [75].  Antozone  ts  more  unstable  than  ozone, 
and  changes  back  to  oxygen  gas  at  a  still  ,lesa  elevation  of  tem- 
perature. 


Questions  and  Problems. 

1.  What  is  the  reason  for  writing  the  symbol  of  oxygen  gaa  0-0? 
(17)  .n,l  (19) 

2.  Wbit  is  the  difference  between  the  condition  of  oxygen  gas  in 
the  atmo^^pbere,  and  that  of  tbe  same  gas  in  a  pure  condition  con- 
tained in  a  hell-glae9  standing  over  a  pneumatic  trough  ? 

3.  Were  the  nitrogen  gas  of  the  atmosphere  removed,  would  the 
physical  conililion  of  the  oxygen  gas  be  changed  1 

4.  If  by  either  of  the  methods  [228]  oxygen  gas  is  obtained  di- 
rectly from  the  atmosphere,  how  many  litres  of  air  would  be  required 
to  yield  one  litre  of  oxygen  gas  at  same  temperature  and  press- 
ure?    (50.)  Ana.  4.77  litres  of  air. 

5.  How  much  potassic  chlorate  must  bo  used  to  yield  100  litres  of 
oxygen  gas  at  30'  and  38  c.  m.  pressure  ?  Ana.  1G5  grs. 

,    S.   What  weight  of  potassic  dichromate   [230]  must  be  used  to 
yield  a  iitre  of  o.iygen  gas,  Sp.  Gr.  =^  OG?  Ana.  52.77  grs. 

7.   If  32.05  grammes  of  potassic  chlorate  are  decomposed  in  a 


oy  Google 


306  QUESTIOSS  AXD  PROBLEMS. 

closed  vacuous  vessel  of  1,010  criu.^  capacity,  wliat  will  be  the  tension 
of  the  gas  in  the  vessel  at  273°  ?  Ans.  131.6  t.  m. 

8.  What  weight  of  oxygen  gas  is  required  to  fill  a  globe  of  1 0  litres' 
capacity  at  27°. 3  and  38  c.  m.  pressure  ?  Ans.  G.515  gram. 

9.  From  a  given  weight  of  JV/nO,  how  much  more  oxygen  gas  can 
be  obtained  by  reaction  [231  ]  than  by  [232]  ?  Ana.  J  more. 

10.  A  volume  of  air  measuring  100  iTIIiT'  is  mixed  with  50  tTui:^ 
of  hydrogen  gas  and  exploded.  What  volume  of  gas  is  left,  assum- 
ing that  the  volumes  are  nil  measured  under  standard  conditions,  and 
that  all  the  water  formed  is  condensed?     (59.) 

Ans.  87.12  cTm.'- 

11.  In  an  experiment  like  the  last,  with  the  same  initial  volume 
of  air  and  hydrogen,  the  volume  of  the  residual  gas  measured  89.41 
c.  111.°  What  is  the  composilion  of  the  air?  It  is  assumtd  that  the 
volumes  are  measured  under  a  constant  pressure  of  7G  e.  m.,  and  at 
a  temperature  at  which  the  tension  of  aqueous  vapor  equals  2  c.  m. 

Ans.  aO.DG  oxygen,  79.01  nitrogen. 

12.  Analyze  reaction  [230],  and  show  from  which  of  the  factors 
the  oxygen  is  derived. 

13.  Represent  reaction  [232]  by  graphic  symbols. 

14.  What  volume  of  chlorine  gas  is  required  to  decompose  one 
litre  of  aqueous  vapor?  Ans.  1  liire. 

15.  If  one  gramme  of  water  is  decomposed  by  galvanism  in  a 
closed  glass  globe  containing  1.86  litres  of  air  under  normal  eondi- 
tjons,  what  will  be  the  tension  of  the  resulting  gas  mixture,  leaving 
out  of  the  account  the  tension  of  the  aqueous  vapor  whieh  may  be 
present?  Ans.   152  c.  m. 

16.  Represent  by  graphic  symbols  the  constitution  of  the  various 
classes  of  oxides  and  oxygen  radicals. 

17.  In  the  symbols  of  acids,  hydrates,  and  salts  (35)  written  on 
the  water  type,  to  what  do  the  oxygen  radicals  correspond? 

18.  Explain  Ihe  change  of  color  which  takes  place  when  paper 
moistened  with  a  solution  of  starch  and  potassic  iodide  is  exposed  to 
the  action  of  ozone. 

19.  Explain  the  method  of  finding  the  8p.  Gr.  of  ozone. 

20.  Can  you  devise  a  method  of  finding  the  Sp.  Gr.  of  ozone 
based  on  the  principle  of  (58)  ? 

21.  Explain  the  reasons  for  writing  the  symbol  of  ozone  (0-0)=a 
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22.  How  would  you  write  the  eyrobola  of  ai^ntic  peroxide  and 
plumbic  peroxide,  on  the  same  principle  ? 

23.  Why  is  it  essential  In  preparing  antozoDe  that  the  electrified 
air  should  be  dry  ? 

21.  In  what  different  ways  may  the  symbol  of  hydric  peroxide  bo 
written,  and  what  theories  of  its  composition  do  the  symbols  suggest  ? 
By  what  reactions  are  these  theories  sustained  ? 
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238.  SULPHUR.  5'::^  32.  — Usually  bivalent  when  in 
eombinalioii  with  melals  or  positive  radicals,  but  iu  olher  asso- 
ciations frequently  quadrivalent  and  sesivalent.  Widely  and 
abundantly  distributed  in  nature,  chiefly  in  combination,  form- 
ing various  metallic  sulphides  and  sulphates.  The  most  abun- 
dant of  these  are  iron  pyrites,  jFV^  and  gj'psum,  CaSOi-  ^H^O. 
Found  also  native  in  volcanic  districts.  It  is,  moreover,  an  es- 
sential, although  a  very  subordinate,  in;5redient  of  the  animal 
tissues.  Sulphur  is  very  closely  allied  to  oxygen,  and,  corre- 
sponding to  each  metallic  oxide,  there  is  usually  a  sulphide  of 
the  same  form  ;  and,  substituting  the  symbol  of  Bulph(ir  for  that 
of  oxygen,  the  table  of  oxides  on  page  301  will  serve  equally 
well  as  a  classification  of  tlie  sulpliides.  Moreover,  we  have 
found  it  convenient  to  assume  a  number  of  sulphur  radicals  cor- 
responding in  all  respects  lo  the  oxygen  radicals,  and  we  repre- 
sent them  by  separate  symbols  formed  in  a  similar  way.  Thus, 
Hs,  Pbs,  Cu^,  Sb^  stand  for  the  radicals  SS,  FbS^,  Cu^Si, 
SbiSe  respectively. 

Tlie  greater  part  of  the  sulphur  of  commerce  comes  from  the 
mines  of  Sicily,  where  it  is  either  melted  or  distilled  from  the 
volcanic  earth.  A  small  quantity  is  obtained  by  roastJng  or 
distilling  iron  pyrites.  Common  sulphur  is  a  very  briltle,  yel- 
low solid,  melting  at  114°,  and  boiling  at  440°,  when  it  forma  a 
dense  red  vapor.  It  is  insoluble  in  water,  and  nearly  so  in 
alcohol,  ether,  and  chloroform,  but  readily  soluble  in  carbonic 
bisulphide,  benzole,  and  oil  of  turpentine,  the  solvent  power  of 
the  last  two  liquids  being  greatly  increased  by  heat  Sulphur 
assumes  a  great  variety  of  allotropic  modifications,  which  are 
manifested  by  differences  of  crystalline  form,  specific  gravity, 
solubility,  and  color.  At  the  ordinary  temperature  it  crystal- 
lizes in  octahedrons  of  the  orlhorhorabic  system,  ^.  Gr.  2.05, 
and  above  105"  in  oblique  prisma  of  the  monoclinic  systems,  Sp^ 
Gr.  1.93.  Moreover,  the  one  crystalline  condition  passes  into 
the  other  at  the  temperature  at  which  it  is  normally  formed. 
If  heated  to  230°,  melted  sulphur  becomes  darker  colored,  thick, 
and  pasty,  and  if  suddenly  cooled  the  mass  remains  plastic  for 


oy  Google 


§  239.]  SULPHUR.  309 

eome  lime.  At  100°  this  plastic  material  suddenly  changes  back 
to  brittle  sulphur,  with  evolution  of  heal,  and  ibe  same  change 
soon  follows,  although  more  slowly,  at  the  ordioaiy  t(-niperature. 
If  sulphur  is  heated  to  230°,  and  suddenly  cooled  several  times 
in  succession,  it  is  in  part  converted  into  a  peculiar  dark-colored 
variety,  wholly  insoluble  in  all  solvents,  and  easily  separated 
by  carbonic  sulphide  from  the  unchanged  portion,  Moreover, 
ordinary  flowers  of  sulphur  (formed  by  condensing  the  vapor 
of  suliihur  in  cold  brick  chambers)  consist  in  part  of  a  yellow 
powder,  insoluble  in  carbonic  sulphide,  which  appears  to  be  still 
another  condition  of  sulphur,  and  several  oiber  modifications, 
including  a  black  and  a  red  variety,  have  been  described  as 
distinct  allotropic  states.  Some  chemists  have  thought  to  find 
among  these  various  modifications  a  difference  of  polar  condition 
similar  lo  that  observed  in  the  modifications  of  oxygen.  Sul- 
phur appears,  even  in  the  state  of  vapor,  to  present  diff'ereuees 
of  condition.  Just  above  its  boiling  point  the  Sp.  Gr.  of  sul- 
phur vapor  is  96,  which  corresponda  to  the  molecular  formula 
iSJfS's;  and  not  until  the  temperature  reaches  1,000°  does  the 
Sp.  Gr.  become  32,  corresponding  to  the  formula  S^S,  like  that 
of  oxygen  gas.  Sulphur  has  strong  affinities  for  the  melals, 
many  of  which  burn  in  its  vapor  with  great  brilliancy.  It  has 
also  a  strong  affinity  for  oxygen.  It  is  very  combustible,  taking 
fire  at  a  low  temperature,  and  forming  by  burning  SO^  It  is 
chiefly  used  for  making  sulphuric  acid,  and  vulcanizing  india- 
rubber  ;  but  it  has  many  subordinate  applications  both  in  the 
arts  and  in  medicine.  The  so-calied  milk  of  sulphur,  used  in 
pharmacy,  is  obtained  by  dissolving  flowers  of  sulphur  in  alka- 
line liquids,  and  subsequently  precipitating  with  acid. 

239.  Bffdn'e  Sulphide,  Suipkohj/dric  Acid,  Sulphuretled 
Hydrogen,  B^S,  —  A  colorless  gas,  which  by  pressure  and  cold 
may  he  condensed  to  a  limpid,  colorless  liquid  {Sp.  Gr.  =  0.9), 
boiling  at  — 62°,  and  freezing  at  — 86°.  Is  soluble  in  water 
and  alcohol,  one  measure  of  water  at  0°  dissolving  4.37  meas- 
ures, and  one  volume  of  alcohol  dissolving  17.9  measures,  of  the 
gas  ai^  the  same  temperature.  Has  a  repulsive  odor,  and  is  a 
constant  product  of  decaying  animal  tissues.  Generally  obtained 
by  the  reaction 

FeS  +  {H^O^  +  Aq)  =  {FeSO,  +  Ag)  +  ff,S;  [237] 
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but  as  the  ferrous  sulphide  commonly  used  Mntains  more  or  less 
cetallic  iron,  the  gas  thus  prepared  is  mixed  with  hydrogen. 
It  13  obtained  in  a  purer  condition  from 

Sb,S,  +  (6if CT  +  Aq)  =  i2Sb  Ch  -I-  Aq)  +  ZH,S.  [238] 

Hydric  sulphide  13  very  combustible,  and  burns  with  a  pale 
blue  flame. 

2-ff^S4-SO'(3=2^,0+2^0j.  [239] 

The  solution  of  the  gas  exposed  to  the  air  soon  becomes  turbid, 
owing  to  the  oxidation  of  the  hydrogen  and  consequent  sepa- 
ration of  sulphur. 

{2H^S  +  Ag)  +  ®^®  =  (2/r,  0  +  ^?)  +  S=S.  [240] 

If  the  action  ia  assisted  by  porous  solids,  the  oxidation  is  more 
complete. 

{H^S+Aq)  +  2S>®  L=  (fffOi^SO^  +  Aq).  [2il] 

The  substance  is  also  decomposed  by  chlorine,  bromine,  or 
iodine. 

(2ff^S  +  2/-/+  Aq)  =2  iim-\-  Aq)  +  S«.  [242] 

On  this  last  reaction  is  based  a  simple  process  of  determining 
vol u metrically  the  amount  of  ff^S  in  a  given  solution.  The 
compound  may  be  analyzed  by  heating  metallic  tin  in  a  confined 
volume  of  the  gas. 

mp  +  Sn  =  SnS  +  Sl-IH.  [243] 

Although  the  sulphur  is  removed  by  the  tin,  the  volume  of  the 
gas  does  not  change.  Hydric  sulphide  la  not  unfrequenlly 
formed  in  nature  from  calcic  sulphate,  which  in  contact  with 
decaying  animal  or  vegetable  matter  lo^es  its  oxygen,  when 
the  carbonic  acid  of  the  atmosphere,  actmg  on  tlie  resulting 
calcic  sulphide,  sets  free  the  compound  in  question.  It  is  thus 
tliat  the  soluble  sulphides   in  maay  mineral  springs  probably 

Hydric  sulphide  is  one  of  the  most  important  chemical  re- 
agents, and  is  used  to  convert  into  sulphides  various  metallic 
hydrates  and  other  salts. 
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1.  Action  on  alkaline  hy.dmlea. 

{K-0-H-\-  ff^S+Aq)  =  (K-S-JI-^  H^0-\-  Aq).  [2i4] 

{K-S-JI-^  K-0-H-\-  Aq)  =  (-ff,5'+  11,0  +  Aq).  [246] 

Thus  may  also  bo  formed  M-ffs,  MiS,  JVff^'ffs,  {2^fQfS. 
(38.) 

2.  Action  on  salta  of  tlie  more  electro-negative  melals. 

{CdSOi  +  ff^S  +  Aq)  =  CdS  +  {H^SO^  +  Aq).  [246] 
So  also  may  be  precipitated  from  acid  eolutions  of  tlieir  salts 
As^S,,      Sb^s,      'S'^A      SnS,      SnS^      FiS.^       Au,S^ 
all  of  whicli  are  Eotuble  in  allialine  sulpliide?,  and 
CdS,      CuS,      Bi\.%      Af/^S,       ffffS,      [%2lS,      P6S, 

all  of  wliich  are  insoluble  in  all;aline  SQlpliides. 

3.  Action  on  salts  of  the  mo  e  electro  po  ve  metals.  The 
following  sulphides  altho  gl  not  p  ec  p  ta  eJ  f  o  acid  solu- 
tions, are  precipitated  when  ffl  t  ammo  a  aid  d  to  neu- 
tralize all  the  acid  p  e  e  t,  o  1  en  a  lik  I  ne  ulphide  is 
used  in  place  of  ^5' 

ZnS,  MnS,  -FeA,  ^lb,,  CoS. 

At  Ihe  same  time  aluminum  and  chromium  are  also  precipitated 
as  hydrates.  The  remaining  common  metals,  viz. :  Ba,  Sr,  Ca, 
Mg,  K,  and  JV«.  forming  sulphides  soluble  in  water,  are  not  pre- 
cipitated by  US  under  any  conditions.  Thus  H^S  serves  to 
divide  the  metallic  radicals  into  groups,  and  on  these  relations 
the  ordinary  methods  of  qualitative  analysis  are  based, 

4.  Action  as  reducing  agent. 

(2  J%  CJ,  +  iHCl  +  Arf,  +  S.  [247] 

(-S'i[  CVa]  0;  +  iBGl  -\-ZH^S-\-  A<i)  — 

"■  ([<*.] C.  +  i^CI  +''liO  +  Ag)  +  «,.  [248] 

lOH^  +  lOSO,  =  SS,  +  eH,0+  1H,S,0r    [249] 
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240.  JTydric  Persulphide,  Il,S.„  analogous  to  If^O^  can  be 
obtained  by  gniduatly  adding  to  hydrochloric  acid  uodic  bisul- 
phide.    Il  is  a  yellow,  oily  liquid,  and  very  unslabli?. 

'241.  Alkaline  Sulphides  and  Sulphohydrcdes.  —  Solutions  of 
(he  simple  sulphides  and  sulflholiydralea  are  besi  formed  aa 
above.  These  folulions  readily  dissolve  sulphur,  and  various 
persulphides  are  thus  formed.  The  following  six  sulphides  of 
potassium  are  known :  K^S,  K,S^  K,S,,  K^S^,  K^S^,  and  A\S,. 
Other  modes  of  preparing  similar  compounds  are  illustrated  by 
the  following  reactions ;  — 

K^^O/SO^  +  iHff=  IC,S  +  4:M,0.  [250j 

12S+(QK-0-H-{-Ag)  = 

•B,a^-,.^<io..      ^2IC,S,-\-K,S,0,-\-3If,0  +  A^).  [251] 

165'+  SK-0-ff=  SK^Ss  +  K^SO,  +  4JL0.  [2521 

Helled  Iceethu  at  i  Ugh  (f  npEialuce. 

»S-\-3KfO^'CO  =  2KA  +  -ffAOj  +  3COs,  or 
1 2S  +  3A",=0,=  C0  —  2K^S^  -f"  ^A^s  +  3  CO^        ^^'^^'^ 

The  products  of  the  last  two  reactions  are  not  constant,  but 
various  persulphides  are  formed,  depending  on  the  temperature 
and  the  conditions  of  the  process.  The  resulting  mixture  ia  a 
yellow  solid  called  liver  of  sulphur.  When  treated  with  acids, 
the  various  sulphides  react  as  follows:  — 

(jr-iSr  +  HCl  +  Aq)  =  {KCl  +  Aq)  +  EIjS.  [254] 

{K,S  +  2HCI  +  Aq)  =  {2KCI  +  Aq)  +  Bl^g.  [255] 

{K^Ss  +  iHOl  +  Aq)  =  {2KCI  +  Aq)  +  S^  +  ISA  [256] 
(2^,5,  +  K,S,0^  +  6-ffCT  +  Aq)  = 

(fiKGl  +  SO^  +  H^O  +  Aq)  +  9S  +  2IIIA  [257] 

Solutions  of  the  alkaline  sulphides  or  sulpholiydra.tes  absorb 
oxygen  from  the  air,  and  are  thus  changed  into  persulphides 
and  hyposuiphitea. 
{?,NHi-S-ir^  Aq)  +  5®0  = 

°\^(Nff;),S,-\-nNH,)^Si0^^ilI^O+Aq).  [258] 
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Sulpliur  and  hydric  sulphide  react  on  the  alkaline  earths  in 
nearly  the  same  ways  as  on  the  alkalies. 

CaO~\-  If,S  =  CaS  +  ff, 0.  [259] 

CaSO^  4-  AH-H=  CaS-\-AH^O.  [2G0] 

CaSO^-\r  ^C=GaS ■{•  WO.  [261] 

2CaS  +  U.fO^^E-^=  Ga-S^'I/^-\-  Ca-0,=II^  [2G2] 

(Ca-OfB,  +  2B:,S  +  Aq)  = 

p^„.wu.™ughn,iik^fiim=.     (^Ca--S^'II^-\-2H:,0-\-Ag).  [263] 

By  boiling  sulphur  with  milk  of  lime,  a  mixture  of  calcic  hy- 
posulphite with  various  calcic  persulpbides  is  obtained,  among 
which  may  be  distinguished  OaS^  and  GaS,.  Jiy  melting  to- 
getlier  sulphur  and  calcic  hydrate  or  carbonate,  there  results  a 
mixture  of  calcic  sulphide  and  calcic  sulphate.  If  pulverized 
charcoal  is  also  added,  the  product  ia  chiefly  calcic  sulphide. 

242.  Compounds  of  Sulphur  and  Oxygen.  —  The  Mowing 
are  known :  — 

Sulphurous  Anhydride  SO^ 

Sulphurous  Acid  H^=OfSO, 

Hyposulphurous  Acid  Sf  0^3-0-8), 

Sulphuric  Anhydride  SO^ 

Sulphuric  Acid  BfOfSO,, 

Nordhausen  Acid  B^-Oi-iSOfO-SOi), 

Dilhionic  Acid  jr^=0^^iSOfSO^), 

Trifhionic  Acid  Ify0.f(SOi-S-SO,), 

Tetrathionic  Acid  H,=0^^{SO^-S-S-SO,), 

Pentathionic  Acid  If^r  o/(SOfS-S-S-SO^. 

243.  Sulphurous  Anhydride.  SO^.  —  Colorless  gas,  having 
a  familiar  suffocating  odor.  It  is  easily  condensed  to  a  colorless 
liquid,  boiling  at  —10'  and  freezing  at —76°  ;  0|).  (5t-  =  1-49. 
Natural  product  of  volcanic  action,  and  abundantly  evolved  dur- 
ing the  roasting  of  copper  pyrites  and  other  sulphurous  ores. 
May  be  prepared  by  either  of  the  following  reactions :  — 
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S-S-\-  2®--®  =  2m®r  [2G4] 

2B^S0,  +  -ffy  =  IfgSOt  +  2B^0  +  g®^.  [265] 

2}I,S0,  +  C=  2S®2  +  <3®a  +233^.  [2G6] 

5.5 _|_  MnO,  =  MiiS-\-%®^  [207] 

May  be  decomposed  by  the  reactions 

2S0^  +  iH-H=  iH^O-\-  S^S.  [2C8] 

SO^  +  3H-ff=  2ffjO  +  /TjS'.  [269] 

The  first  reaclion  is  obtained  by  pafsing  a  mixfure  of  the  two 
gases  through  a  red-hot  tube ;  the  second,  by  adding  to  the  so- 
lution containing  SO^  a  small  amount  of  hydrochloric  acid  with 
a  few  pieces  of  zinc.  The  IT^S  may  be  detected  by  a  strip  of 
paper  moistened  with  a  solution  of  acetate  of  lead,  and  llie  reac- 
tion gives  us  the  means  of  discovering  small  quantities  of  SO^. 
Sulpliurous  anhydride  is  a  powerful  reducing  agent.     Thus 

(2-fflrOg  +  5S0,  +  iff.O  +  Ag)  = 

^'=*'"'-  {I-I+5If,S0,-{-Aq).  [270] 

(As,0,  +  2S0,  +  2If,0  +  Aq)  = 

(As^0,-]-2B:,S0^-\-  Aq).  [271] 

(SO,-f/-/-(- 2-^,0  +  Aq)  =  {H,SO,  +  2ffl-+  Aq.)  [272] 

{2S0,  +  2H.fi  +  Aq)  +  ©=©==  {2H^S0,  -\-  Aq).  [273] 

PbO,  +  g®2  ^  PbSO^.  [274] 

It  is  also  a  powerful  disinfecting  and  antiseptic  agent,  and  is 
much  used  for  retarding  fermentation  and  putrefaction.  It  also 
bleaches  some  of  the  more  fugitive  colors,  but  the  effect  is  fre- 
quently transient,  and  the  reaction  not  well  understood. 

244.  SulphUes.—M  0°  water  absorbs  68.8  times  its  bulk  of 
SO^  and  three  crystalline  hydrates  have  been  described,  one  of 
which  has  the  eompo=ition  SOj.  /^O,  and  has  been  regarded  as 
sulphurous  acid,  but  this  opinion  may  be  questioned.  The  aque- 
ous solution  acts  in  all  its  mechanical  relations  like  the  simple 
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solution  of  a  gas.  Nevertheless,  in  its  diemieal  relations  it  acta 
like  an  acid,  and  yields,  with  many  of  tbe  metallic  oxides,  hy- 
drates, or  carbonates,  a  numerous  class  of  salts  called  the  sul- 
phites. The  following  examples  will  illustrate  their  general 
composition :  — 

Acid  Sodic  Sulphite  Hj!^a--0.fSO .  411,0, 

Neutral  Sodic  Sulphite  NaiO-fSO  .IR^O, 

Calcic  Sulphite  Ca--0:i=SO. 

The  sulphites  are  generally  best  prepired  1  y  transmitting  a 
stream  of  SO3  through  water  in  which  tl  e  metdU  oxide,  hy- 
drate, or  carbonate  is  suspended.  The  aikihne  "aits  are  the 
only  sulphites  which  are  freely  soluble  in  w  aler  Tl  e  sulphites 
of  barium,  strontium,  and  calcium  dis  oUe  lo  some  extent  in 
water  charged  with  SOj,  and  in  Ibis  respect  the  sulphites  re- 
semble the  carbonates.  Argentic  sulphite,  which  may  be  read- 
ily obtained  by  precipitation,  undergoes  a  remarkable  reaction 
when  boiled  with  water. 

AgfOiSO  +  {//,0  -f-  Aq)  = 

Ag-Ag  +  (H^-OiSO^  -f  Aq).  [275] 

245.  Hgposiilphites  —  Hypo  nlphurons  acid  has  never  been 
isolated ;  but  several  1  ypo  ul[  1  tes  may  be  obtained  by  passing 
a  stream  of  SO^  through  solut  o  s  of  the  corresponding  sul- 
phides, or  digesting  a  solut  on  of  the  sulphite  on  powdered 
snlphur. 

S_l_  {Nih^Oi'SO-\-Aq)  =  {NafOi{S-0-S)-\-Aq.  [27C] 

Calcic  hyposulphite  is  formed  spontaneously  in  large  quanti- 
ties, both  in  the  refuse  lime  taken  from  the  purifiers  of  the  gas- 
works, and  in  the  refuse  after  the  lixiviation  of  the  black-ball  al 
the  alkali  works,  and  from  Ibis  source  sodic  hyposulphite  is 
now  obtained.  It  is  the  only  hyposulphite  of  practical  value, 
and  is  not  only  used  in  photography,  but  also  for  removing  the 
last  traces  of  chlorine  from  the  bleached  pulp  used  in  paper- 
making,  and  in  the  treatment  of  silver  ores. 

246.  Sulphuric  Anhydride.  SOg.  —  Soft,  white,  silk y-looking 
crystalline  solid,  melting  at  25°,  and  volatilizing  at  35°,  May 
be  obtained  either  by  distillation  from  the  Noi-dhausen  acid  or 
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from  so'lic  disulphiite,  or  else  by  passing  a  luixtui-e  of  SO.^  and 
0^0  tlirougli  a  heated  tube  filled  with  platinum  sponge, 

HfOf{S0,-0-SO.,)  ^  HiO^SO^  +  ©®a-       [277] 

N(h^0.i{SO.,-0-SO.,)  =  JSTa-fOfSO,  +  g®^.    [278] 

2^®;  +  ®^  =  2g®3.  [279] 

It  nnites  with  many  metallic  oxides  to  form  sulphates,  and 
baryta  burns  ia  its  vapor. 

BaO  +  g®s  =  BaO.SOa-  [280] 

It  has  an  intense  affinity  for  water,  and  the  heat  developed  by 
the  union  is  so  great  that  the  solid  hisses  like  red.hot  iron  ivhen 
dropped  into  (he  liquid..  The  product  is  common  sulphuric 
acid. 

247.  Sulphurylic  Chloride.  SO.Of^.  —  Maj  be  formed  by 
the  direct  union  of  SO^  and  C'l-Ol  under  the  iafluence  of  the 
Eunhght,  also  by  the  reaction 

Il,SOt  +  2PC/,  =  SO^a,  +  2PC/,0-\-  2MCI.  [281] 

The  product  is  a  liquid  boiling  at  SO' ;  Sp.  Or.  1.68.  Slowly 
decomposed  by  water. 

SO^Gk  +  2/r,0  :=  H^SO^  +  2HGI.  [282] 

There  have  also  been  described  the  allied  compounds 
H-0-SOfGl  and  SO^I^.  The  relations  of  these  compounds 
to  sulphuric  acid  will  he  made  more  evident  by  writing  the 
symbols  thus :  — 

3oi-SO^  Ho,  Gl-'SO„  Gl.fSO„  I^-SO^ 

248.  Sulphuric  Acid.  IfyO/SO^  or  ^Oj-^'Oj.— The  follow- 
ing reactions  are  interesting  as  illustrating  the  constitution  of 
this  important  add,  although  of  no  practical  value  as  methods 
of  making  it; — 

Ho-ffo  +  SOi  =  MofSO^.  [283] 

H,0  +  SO,  =  If^O,SO,.  [284] 

2IfiO^^SO-^  0-0  =  2IfyOfSO^.  [285] 

S'S^  AH-0-N0.,^_2Hi-0^'S0^^  4J:rO.     [286] 
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For  ihe  uses  of  the  aria  the  acid  is  made  in  enormous  quanti- 
ties by  hurning  sulphur  in  large  brick  ovens,  and  conveying  the 
SO^  ihufl  formed,  together  with  Bteam  and  nitric  acid  fumes, 
generaied  simultaneously  [13oj,  into  large  chambers  lined  with 
sheet  lead. 

1.  S02-^2irNO;  =  ir.,SO,-\-2NO^  [287] 

2.  SA^O^^  J/iO~2HNO^-\-  jyo.  [288] 

■S.  2JV0+  0^0=2  ifOj.  [28S] 

These  reactions  may  be  repeated  indefiiiitely,  and  it  is  evi- 
dent that  the  same  quantity  of  nitric  acid  would  serve  to  con- 
vert an  infinite  amount  of  SO^  into  HiSO„  were  it  not  for  ihe 
loss  occasioned  by  the  consiant  draft  of  air  through  the  cham- 
bers. The  reaction  consists  essentially  in  a  transfer  of  oxygen 
from  the  air  to  the  SO^  the  nitrogen  compounds  acting  aa  the 
mediator,  and  the  draft  yields  the  requisite  supply  of  oxygen 
gas.  When  the  amount  of  aqueous  vapor  is  insufficient,  there 
forms  in  ihe  chambei's  a  white  crystalline  compound  of  fome- 
wbat  uncertain  composition,  but  to  which  has  been  assigned  the 
symbol  {N0.^i{S0.fO-S0i).  When  mixed  with  water,  this 
compound  breaks  up  into  sulphuric  acid  and  nitrous  anhydride, 
BO  ihat  the  formation  of  the  acid  may  also  be  represented  by  the 
following  equations,  which  are  thought  by  some  chemists  to  rep- 
resent the  process  more  accurately  than  those  given  above:  — 

1,  SO^  +  2-ffo-yOj  =:  Ho^SOi  +  ■iNO^.  [290] 

2.  ANO^-^  iSOi-\-  0-0  =  2{N0^)f{S0^-0-S0,).  [2D!] 
S.    {N0,),^{S0i-O-S0,)  +  2IT,0  = 

2m^S0^-\-  2f^0^.     [292] 

4.  SJVA  +  -ff.0  =  2110^-0^  +  iA'O.  [293] 

5.  2iV0+  0-0  =  2iV0i,.  [294] 

In  manufacturing  sulphuric  acid  iron  pyrites  is  now  frequently 
nsed  instead  of  sulphur.  This  ore,  burnt  in  kilns  adapted  to 
the  purpose,  yields  a  plentiful  supply  of  SO2,  which  is  converted 
into  sulphuric  acid  in  lead  chambers  as  before.  The  acid  drawn 
fixim  the  cliambers  is  very  dilute,  and  for  most  uses  must  be 
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concentrated  by  evaporation,  which  is  begun  in  leaden  pans, 
but  completed  in  retorts  of  glass  or  plutinum.  The  strongest 
acid  thu3  obtained  corresponds  to  the  symbol  Jl^SOi.  It  is  an 
oily  liquid  (oil  of  vilriol),  Sp.  Gr.  :=  1 .842,  boiling  at  327',  and' 
crystallizing  at  a  low  temperature.  If  dui'iiig  the  evaporation 
tbe  lemperaEure  is  limited  to  205°  C.,  an  acid  is  obtained  of  the 
composition  ff^SO^ .  H^O,  and  Sp.  Gr.  1.78,  wliich  crystallizes 
at  9°,  and  by  limiting  the  temperature  to  100°,  still  a  second 
definite  hydrate  may  be  obtained, /^SO^.  2/f.O,  wliich  has  ^. 
Gr.  =  1.62.  Oil  of  vitriol  may  be  mixed  with  water  in  any 
proportion,  and  the  hydration  of  the  acid  is  accompanied  by  a 
condensation  of  volume  and  a  great  evolution  of  heat,  the  max- 
imum of  condensation  and  the  maximum  of  heat  being  attained 
when  the  proportions  are  such  as  to  form  the  second  hydrate. 
A  definite  Sp.  Gr.  corresponds  to  each  degree  of  dilution,  and 
tables  have  been  prepai'ed  by  which,  when  the  specific  gravity 
is  known,  tbe  strength  of  tlie  acid  may  be  determined.  The 
short  table  which  follows  gives  all  the  data  required  for  the 
problems  in  this  book :  — 


Percent  of 

Sp.  Gt. 

Per  Cent  of 

Per  Cent  of 

Sp.  Gr. 

Per  Cent  of 

H,SO,. 

Htlo^. 

so. 

H,SO^. 

'so,.  " 

100 

1.8428 

81.63 

SO 

1.3380 

■40.81 

95 

1.8S76 

77.55 

45 

1.3510 

SG.73 

90 

1,8220 

73.47 

40 

1.30GO 

32.65 

85 

1.7860 

G3.33 

35 

1.2G40 

28.57 

1.7340 

65.30 

30 

1.2230 

24.4  D 

75 

1.6750 

G1.22 

25 

1.1820 

20.40 

70 

1.6150 

57.14 

20 

1.1440 

16.32 

e5 

1.5570 

53  05 

15 

1.1  OGO 

12.24 

60 

1.S010 

4S,98' 

10 

l.OfiSO 

8.16 

55 

1.4480 

44.89 

5 

1  0320 

4.08 

In  consequence  chiefly  of  its  strong  attraction  for  water,  sul- 
phuric acid  disorganizes  and  blackens  both  animal  and  vegeta- 
ble tissues.  It  is  also  used  as  a  hygroscopic  agent,  and,  under 
limited  conditions,  for  the  dehydration  of  various  chemical  com- 
pounds. Its  action  on  different  chemical  agents  has  been  al- 
ready reppatedly  illustrated.  (See  [C4],  [231],  [205].)  It 
forms  several  classes  of  salts,  as  is  illustrated  by  the  following 
examples :  — 
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Acid  Sodic  Salpliato  Ilo^ao-SO^ 

Neutral  Sodic  Sulphate  Naoi-SO^  and  with  lOH^O, 

Sodic  DJsulplmtc  iraoiiSO^-OSOi), 

Cupric  Sulphate  Cuo'SO^.m^O, 

Ferrous  Sulphate  Feo'SO^.-iU^O, 

Potassio-ferroua  Sulphate  Feo'{SO-Oj'SOYKo^.  Gff^O, 

Akminii;  Sulphate  Affii(SO^)^.  18//,0, 

Common  Alum  Koi'(SOs)M'sf>  ■  2iff^0, 

Zincic  Sulphate  Zrw^SO^, 

Dizincic  Sulphate  Zno-itSO, 

Trizineic  Sulphate  Ziio^lS. 

The  last  mny  be  regarded  as  an  orthosulphate,  but  salts  of  this 
class  are  wholly  exceptional. 

249.  Nordkausea  Sulphuric  Acid,  ffoi^iSOfO-SO.^),  corre- 
sponding to  the  disulphaiea  In  constitution,  may  be  prepared  by 
dissolving  SO^  in  H^SO^  and  has  been  inanufaetured  lor  many 
years  at  the  German  town  whence  it  takes  its  name,  by  the 
distillatioii  of  ferrous  sulphate.  The  manufacture  of  sulphuric 
acid  is  one  of  the  most  important  branches  of  industry  in  a  civ- 
ilized community,  as  there  is  hardly  an  art  or  a  ti-ade  into  which, 
in  some  form  or  other,  it  does  not  enter. 

250.  Sulplmroua  Chloride.  SjCT^.  — Yellow,  volatile,  fuming 
liquid,  formed  by  distilling  sulphur  in  an  atmosphere  of  chlorine 
gas.  It  is  a  powerful  sulphur  solvent,  and  has  been  used  for 
vulcanizing  india-rubber.  It  is  decomposed  by  water,  but  mixes 
with  benzole  and  carbonic  sulphide.  Sulphuric  chloride,  SCI^ 
and  several  oxychlorides  of  sulphur  are  also  known. 

251.  SELENIUM.  Se^l^A.  TELLURIUM.  Te  = 
128.  —  Two  very  rare  elements,  closely  allied  to  sulphur,  but 
presenting  such  differences  as  might  be  anticipated  in  elements 
<rf  the  same  chemical  scries.  They  form  compounds  with  hy- 
drogen, H^Se  and  H^Te,  analogous  to  H^S,  and  compounds  with 
oxygen  and  hydrogen  resembling  sulphurous  and  sulphuric  acids. 

Selenium,  which  follows  in  the  series  next  to  sulphur,  mani- 
fests its  relationship  in  many  ways.  The  elementary  substance, 
which  in  its  ordinary  condition  is  a  brittle  solid  having  a  glassy 
fracture  and  a  dark  brown  color,  Sp.  Gr.  4.3,  may  be  obtained 
In  several  allotropic  states,  and  in  one  of  these,  when  its  Sp.  Gr. 
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^  4.8,  it  has  the  same  monoclioic  form  and  mo!ecul:ir  volume' 
B.S  the  corresponding  condition  of  sulphur.  It  readily  melts  at 
a       J  mperature  above  100°,  depending  on  ita  condilion, 

and  00  is  converted  into  a  deep  yellow  vapor  which  lias 
b  b  d  to  have,  at  a  high  temperature,  Sp.  Gr.  ^  82.  It 
b  h    air  with  a  blue  flame,  forming  chiefly  &0j,  and 

m  ff  naive  odor  resembling  putrid  horseradish.     Ilydric 

1      1  ,  is  a  ga3  with  a  disgusting  smell,  which,  like  B^S, 

precipitates  many  of  the  metals  from  soluliona  of  their  sails  as 
seleniJes.  Seienic  acid  is  a  thick  oily  liquid  like  sulphuric  acid, 
and  many  of  the  selenates  cannot  be  di^tingui.slied  by  merely 
external  characters  from  the  corresponding  sulphates.  Sele- 
nium, moreover,  is  almost  invai'iably  found  in  nature  associated 
with  sulphur,  and  is  extracted  fj'om  the  residues  resulting  from 
the  treatment  of  sulphur  ores.  There  are,  however,  a  few  rare 
minerals  which  consist  mainly  of  metallic  seienides.  Amonv 
the  most  imporlant  of  these  may  be  named  Claui^thalile,  PbSe, 
Berzeliauite,  OuSe,  Naumannite,  Ag^Se,  and  Onofi'iie,  HgSe. 

When  we  descend  in  the  series  to  Tellurium,  we  find  more 
marked  differences.  The  elementary  substance  has  a  silver- 
white  color,  a  bright  metallic  lustre,  and  outwardly  resembles  a 
metal  It  la  closely  allied  in  many  of  its  physical  properties  to 
bismuth  It  crjsialhzes  in  rhombohedrons,  and  the  mineral 
Tetradymile  has  been  regarded  as  an  isomorphous  mixture  of 
natiie  tclluiium  with  natiie  bi  muth  lis  Sp  Cc.  ^6.2,  and 
its  atomic  volume  is  very  much  nearer  that  of  bismuth  and  an- 
timony, thin  that  of  selenium  and  sulphur  Nevertheless,  in 
other  relations  it  is  closelj  allied  to  selenium  It  is  hard  and 
brittle,  a  poor  conductor  of  heat  and  electricity  It  fuses  be- 
tween 425°  and  470°,  and  at  a  high  temperature  yields  a  yellow 
vapor  which  has  a  specific  gravity  coriesponding  to  the  molec- 
ular formula  Te--Te.  When  heated  in  the  air,  it  bums  with  a 
greenish  blue  fiame,  and  is  converted  into  lellurous  anhydride, 
TeO^  Lastly,  by dric  telluride  resembles  closely  by dric  sele- 
'nide,  and  the  sails  of  tellurous  and  telluric  acids  are  similar  to  the 
corresponding  seleniles  and  selenates  ;  but  telluric  acid  does  not, 
like  seienic  acid,  form  salts  corresponding  to  the  alums,  and  its 

I  The  quotiants  obtained  by  dividing  tlie  moleculnr  weights  of  different 
solid  snbslsnces  by  tlieir  respective  specific  Eravitiea  may  be  regarded  as 
proportional  V>  their  molecular  volumea  in  the  solid  stale. 
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salts  are  less  stable.  Tellurium  is  the  chief  constituent  of  a  few 
native  compounds  which  are  highly  prized  aa  minerals.  Be- 
sides Tetradymite,  Bi^Te^,  we  have  Hessile,  Ag^Te,  Sylvanite, 
AgAllTe^,  Altaite,  PbTe,  and  Nagj'agite,  which  is  a  sulphotel- 
luride  of  lead  and  gold  of  somewhat  uncertain  comjtosilioD. 
The  elements  of  this  group  form  then,  evidently,  a  very  well- 
marked  series,  in  which,  as  in  the  chlorine  series,  the  chemical 
energy  diminishes  as  the  atomic  wei 


Division  III. 

252.  MOLYBDENUM.  Mo  =  ^&.  One  of  the  rarer  ele- 
ments, but  not  unfrcquently  met  witli  in  the  mineral  kingdom, 
usually  in  combination  with  sulphur  forming  the  mineral  Molyb- 
denite, M0S2.  which  so  closely  resembles  foliated  graphite  that 
the  two  might  easily  be  mistaken  for  each  other.  From  this 
mineral  we  readily  obtain  by  roasting,  at  a  low  red  heat  in  a 
current  of  air,  molybdic  anhydride,  M0O3,  which  is  the  most 
cbaracterisiic  compound  of  the  element.  When  pure,  the  an- 
hydride is  a  pale  buff-colored  powder,  fusing  to  a  st  raw-colored - 
glass  at  a  red  heat,  and  volatilizing  at  a  higher  temperature.  It 
is  only  sparingly  soluble  in  water,  but  readily  dissolves  in  ordi- 
nary acids,  in  aqua  ammonia,  and  in  solutions  of  the  alkaline 
hydrates  or  carbonates,  and  forms  with  metallic  oxides  a  nu- 
merous class  of  salts  called  molybdates.  Plumbic  molybdate 
(Wulfenite),  PhO^^MoO^  is  sometimes  found  in  beautiful  yel- 
low or  red  crystals  associated  with  other  lead  ores,  and  molyb- 
ddte  of  an  men  a  (NIf\  0^  MoO^  much  u  ed  1  e  labor 
alory  as  a  te  t  for  phospl  one  ac  d  Eesdes  MoO^  the 
element  al  o  forms  compounds  tl  one  d  w  th  tno  a  oms 
of  oxjgen  UoC  a  d  MoOf,  nh  cb  act  as  ba  c  a  hjdrdes, 
and  ih  re  s  al  o  an  nte  raed  -^  e  ox  de  hav  ug  a  bea  ful 
blue  color  and  tnother  hav  ng  a  dull  green  color  wh  ch  are 
formed  by  tl  L  a  t  o  of  SnC/j  and  other  reduc  ng  agent  on 
ac  I  olutons  of  the  moljl  late"  and  the  accompany  ng  change 
of  color  serves  a  a  very  stnk  ng  test  for  moljbdenum  In  so- 
lutions of  molybdic  acid  or  of  molybdates,  when  acidified  with 
hydrochloric  acid,  H^S,  gives  a  brownish-black  precipitate  of 
M0S3,  anij  there  is  still  a  third  sulphide,  MoSi,  which,  as  well 
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as  the  last,  acts  as  a  sulphur  acid.  There  are  also  two  chlorides, 
Mo  Cli  and  Mo  Clf  The  elementary  suhetance  is  a  brittle  silver- 
white  metal  {Sp.  Cr,  =  8.6),  which  is  naalterable  intheairand 
very  infusible.  It  can  be  obtaineii  without  difficulty  by  redu- 
cing the  oxides  with  charcoal  or  hydrogen,  but  unless  the  tem- 
perature is  very  high  the  metal  is  left  as  a  gray  powder.  The 
name  is  from  the  Greek,  and  signifiea  ''  a  mass  of  lead." 

253.  TUNGSTEN.  W=  184.  — This  element  occurs  in 
tolerably  large  (juautities  combined  with  calcium  in  the  mineral 
ScheeiJte,  Ca  W0„  and  with  both  iron  and  manganese  in  Wol- 
fram, of  which  there  are  two  varieties,  2Fe  WO,  -f  3Mn  WO, 
and  4Fe  WO^  +  Mn  WO,.  Both  minerals  are  decomposed  liy 
acids,  and  by  this  means  we  readily  obiain  tungstic  anhydride, 
WO^  a  yellow  powder  insoluble  in  water  and  acida,  but  readily 
dissolving  in  ammonia  and  solutions  of  aikahne  hydrates,  and 
even  decomposing  with  effervescence  the  alkaline  carbonates, 
when  heated  in  solutions  of  their  salts.  From  a  boiling  alkaline 
solution  of  lungstic  anhydride  the  common  acids  throw  down  a 
yellow  precipitate  of  tungstic  acid,  H^WO,.  This  acid  forms 
with  bases  a  numerous  class  of  salts  called  tungstates,  which, 
■although  of  little  practical  importance,  are  theoretically  very 
interesting,  and  have  been  the  object  of  careful  investigation. 
There  are  several  (at  least  two)  distinct  types  of  these  salts, 
and  there  are  also  two  modifications  of  tungstic  acid ;  for,  be- 
sides the  ordinary  insoluble  condition,  both  molybdic  and  tung- 
stic acids  have  been  obtained  in  a  colloidal  condition,  in  which 
they  are  very  soluble  in  wafer  (.57).  The  tungstales  have  the 
same  crystalline  form  as  the  corresponding  molybdaie=,  and  a 
tungstate  of  lead,  isomorphoua  with  Wulfenile,  is  a  well-known 
mineral  called  Soheelline.  Besides  WO^  there  is  an  oxide,  WO^ 
which  also  acts  as  an  acid  anhydride,  and  there  is  also  an  inter- 
mediate oxide  of  a  splendid  blue  color,  which  may  be  produced 
by  the  action  of  reducing  agents  on  the  anhydride  or  the  soluble 
tungstales.  Tungsten  ia  not,  like  molybdenum,  precipitated  by 
H^S,  but  the  sulphide,  WS^  hag  been  prepared  artificially,  and 
resembles  very  closely  the  native  molybdenite.  There  is  also 
a  sulphide,  WS^  and  there  are  two  volatile  chlorides,  WGJ^  and 
WCI^  The  metal  itself  (^.  Gt,  17.6)  is  easily  reduced,  hut, 
in  consequence  of  its  great  infusJbility,  cannot  be  obtained  in  a 
compact  state  except  at  a  very  high  temperature.     It  has  an 
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iron-j^ray  color,  and,  when  alloyed  with  sfeei  to  the  extent  of  8 
or  10  per  cent,  renders  the  metal  exceedingly  hard.  The  com- 
pounds neither  of  tungsten  nor  of  molybdenum  Lave  found  any 
important  applications  in  the  arts,  although  sodic  tungstate  has 
been  used,  mixed  with  starch,  in  finishing  cambrics,  because  it 
has  been  found  to  render  these  light  fabrics  less  inflammable. 
The  name  tungsten  had  a  Swedish  origin,  and  eignified  in  the 
original  ''heavy  stone." 


Questions  and  Problems. 

1.  What  ie  the  per  cent  of  sulphur  in  gypum  and  iron  pyrites? 

Ans.  53.33  per  cent  and  18.G  per  cent 

2.  Write  the  aymbols  of  the  different  classes  of  sulphides. 

3.  Express  by  graphic  synjbois  the  constitution  of  the  various  sul- 
phur radicals. 

4.  What  are  the  atomic  volumes  of  (he  two  crystalline  varieties  of 
sulphur?  Ans.  15.60  and  16.16. 

5.  By  heating  10.000  grammes  of  silver  in  the  vapor  of  sulphur, 
Dumas  obtained  lI.48l5graniniesof  argentiesulphide.  What  isthe 
atomic  weiglit  of  sulphur  i*  What  assumption  isma.de  in  your  calcu- 
lation, and  what  ground  have  you  for  this  assumption  ? 

Ans.  32.000. 

6.  What  is  the  specific  gravity  of  i/,S  gas  referred  to  hydrooen 
and  to  air?  Ans.  17  and  l.n'ei! 

7.  What  weight  of  sulphur  is  contained  in  one  litre  of //,.S? 

Ans.   1.434  "grammes. 

8.  How  much  antimonlous  sulphide  is  required  for  the  preparation 
of  one  litre  of  hydric  sulphide  ?  How  much  to  prepare  340  grammes  'i 

Ans.  6.076  grammes,  1133.33  grammes. 

9.  IVbat  volume  of  osygen  gas  is  required  to  burn  one  litre  of 
If,S,  and  what  are  the  volumes  of  the  aeriform  products? 

Ads.  1|  litres  of  oxygen  gas,  one  litre  of  aqueous  vapor,  and  one 
irfsulphurous  anhydride. 

10.  One  litre  of  (U^S  -f  At,)  saturated  at  0°  will  absorb  what 
volume  of  oxygen  gas,  and  will  yield  what  weight  of  sulphur? 

Ans.  2.185  htres,  6.263  grammes. 

11.  Assuming  that  a  solution  of  iodine  in  a  solution  of  potassio 
iodide  has  been  prepared  of  known  strength,  how  may  this  be  used 

e  the  quantity  of  H^S  in  a  mineral  water  ? 
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12.  The  specific  gravity  of  hjdric  Bulptide  has  been  found  by  ex- 
periment to  be  17.2,  and  by  reattloii  [243]  it  la  sbown  tliat  one  vol- 
ume of  tbe  gas  contains  an  equal  volume  of  hydrogen.  Show  that 
these  results  agree  quite  closely  with  the  molecular  symbol  assigned 
to  the  compound.     How  do  you  explain  the  slight  discrepancy? 

13.  Write  the  reactions  by  which  hydric  sulphide  is  formed  from 
calcic  Bulphafe. 

14.  Write  the  reaction  by  which  NH^-Hs  may  be  formed  from 

15.  Write  tbe  reaction  offf^S  gas  on  solution  of  plumbic  acetate, 
and  calculate  what  volume  of  (//,*'  +  Aq)  saturated  at  0°  would  be 
required  to  precipitate  0.207  grammes  of  lead. 

Ans.  5.iaa  c.  ui:''  of  H^S  -i-  Aq. 

16.  AVrite  the  reaction  of  H^S  on  solution  of  acetate  of  zinc. 
What  inference  would  Joudraw  Jrom  the  fact  that  ifn  is  precipitated 
by  this  reagent  from  an  acetic  acid  solution,  while  Fe  and  Mn  are 

17.  Into  what  groups  may  the  metallic  radicals  be  divided  by 
means  of  tbe  two  reagents  hydric  sulphide  and  animoiiic  sulphide, 
and  how  must  the  reagents  be  used  in  order  to  separate  these  groups 
from  a  given  solution  ? 

18.  In  reducing  28  grammes  of  iron  from  the  condition  of  ferric 
to  that  of  terrous  chloride,  how  much  sulphur  is  precipitated  ? 

Ans.  8  grammes. 

19.  Analyze  the  reactions  [248]  and  [24D],  and  show  how  the 
JI^S  gas  acts  as  a  reducing  agent  in  each  case. 


20.  Write  the  reaction  of  hydrochloric  acid  on  sodic  bisulphide. 

21.  Eepresent  by  graphic  symbols  the  constitution  of  the  various 
potassic  sulphides. 

22.  Analyze  reactions  [250]  to  [263]. 

23.  Write  reaction  when  sidpbur  and  milk  of  lime  are  boiled  to- 
gether, assuming,  first,  that  CaS^,  and  second,  that  CaS^,  is  produced, 

24.  Write  reaction  when  sulphur  and  calcic  hydrate  are  melted 
together,  assuming  that  CaS^  and  CaSO,  are  produced. 

25.  Eepresent  by  graphic  symbols  the  composition  of  the  com- 
pounds of  sulphur  and  oxygen. 

26.  Is  the  quantivalence  of  sulphur  in  the  sulphites  and  hyposul' 
phit^  the  same  as  in  tbe  sulphates,  &c.  ? 
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27,  What  volume  of  BulpSiuroiis  anhydride  would  be  formed  by 
burning  2.8672  grammes  of  sulphur?  Ana.  2  litres. 

23.  It  has  been  observed  that  when  sulphnr  burns  in  oxygen  the 
volume  of  tbe  product  is  the  same  as  the  initial  volume  of  oxygen 
gas.  It  has  been  found  by  e.tperimont  that  the  Sp.  Gr.  of  sulphur- 
ous anhydride  equals  32.25.  How  do  these  facts  correspond  with  the 
molecular  symbol  usually  assigned  to  the  compound  ?  What  ie  the 
Bp.  ®  t.  of  SO,  referred  to  air  ?  Ans.  'i.234. 

29.  How  much  mercury  is  required  to  make  one  litre  of  SO, '/ 

Ans.  8.00  grammes. 

30.  Leaving  out  of  view  the  value  of  the  mercury  used,  as  it  may 
be  easily  recovered,  by  which  of  the  two  reactions  [265]  or  [266] 
may  SO^  be  most  profitably  prepared? 

31.  How  much  MnO,  would  be  required  to  yield  by  reaction  [267] 
sufficient  SO,  to  neutralize  1.28  grammes  of  sodic  carbonate? 

Ans.  1.069  grammes. 
82.   Point  out  the  volumetric  relations  in  reaction  [268]. 

33.  Are  the  eonditiona  under  which  the  reaction  [2C9]  is  obt^ned 
in  any  way  peculiar? 

34.  Compare  reactions  [271]  and  [272],  and  inquire  whether  a 
method  of  volumetric  analysis  based  upon  tbem  might  not  be  devised. 

35.  Represent  by  graphic  symbols  the  sulphites  whose  symbob  are 
given  in  (244). 

S6.  The  refuse  lime  of  the  gas  and  alkali  works  contains  calcic 
disulphide,  CaS,.  In  what  way  would  this  be  changed  by  exposure 
to  the  air  into  calcic  hyposidphite,  and  how  from  this  product  could 
Bodic  hyposulphite  be  prepared  ? 

37.  Write  the  reaction  of  hydrochloric  acid  on  sodic  hyposulphite, 
knowing  that  hyposulphurous  acid,  when  liberated,  breaks  up  into 
sulphurous  anhydride  and  sulphur. 

38.  The  specific  gravity  of  the  vapor  of  sulphuric  anhydride  has 
been  found  by  experiment  to  be  39.9.  How  does  this  agree  with  the 
theoretical  value?  Compare  the  densities  of  0^0,  S0„  and  SO,  as 
regards  the  relative  degree  of  condensation  in  each. 

39.  What  are  the  relations  of  (he  compounds  SO,Cl,,  SO,CinO, 
SO,,  and  Ii,SO,  to  each  other? 

40.  Analyze  the  two  seta  of  reactions  [287  et  sej.]  and  [290  el  seq.'], 
and  show  from  whence  the  oxygen  required  to  oxidize  the  sulphur- 
ous acid  is  derived,  and  what  part  the  oxides  of  nitrogen  play  in  the 
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41.  In  the  process  of  making  oxygen  gas  from  aulpburie  acid,  from 
whence  is  llie  onjgen  in  the  first  instance  derived  ?  Might  not 
tlie  same  quantity  of  acid  be  made  lo  yield  an  indefinite  supply 

42.  It  appeare  by  experiment  that  the  Sp.  Gr.  of  i/^SO,  vapor  is 
24,42.  How  does  tbi3  agree  with  theory,  and  how  do  you  explain 
tlie  discrepancy  ? 

43.  It  has  been  found  by  exact  experiments  that  100  parts  oflead 
yield  146.45  parts  of  pluuibic  sulphate.  What  is  tlic  .molecular 
weight  of  sulphuric  acid?  What  assumption  does  your  calculation 
involve  (68)  'I  Why  do  you  regard  thia  result  as  more  trustworthy 
than  that  of  the  last  problem  ?  Ans.  98.16. 

44.  How  do  the  symbobof  the  hydrates  of  sulphuric  acid  compare 
with  those  of  the  crystalline  salla  of  thia  acid  'f 

45.  Write  the  symbols  of  sulphuric  acid  and  its  two  hydrates,  rep- 
resenting them  as  compounds  of  50j  with  hydroxyl.  Point  out  the 
distinction  betwceu  the  ortlio  and  meta  acids,  and  show  that  a  simi- 
lar distinction  may  be  made  among  the  salts. 

46.  How  many  litres  of  sulphuric  acid,  Sp.  Gr.  =  1,615,  can  be 
made  from  1 ,000  kilos,  of  pyrites,  assuming  that  all  the  sulphur  in  the 
mineral  is  burnt?  Ans.  1444.4  litres. 

47.  How  much  sulphuric  acid  by  weight,  Sp.  Gr.  =  1.501,  will  be 
required,  1st.  To  neutralize  53  grammes  of  eodic  carbonate  V  2d.  To 
dissolve  39.6  grammes  of  zinc?  3d.  To  precipitate  completely  2.08 
grammes  of  baric  chloride? 

Ana.  81.666  grammes,  8I.G66  grammes,  1.633  grammes. 
43.   Hepresent  the  conslkution  of  the  various  Eulphates  by  graphio 
eymbois. 

43.  In  what  does  the  symbol  of  dizincic  sulphate  differ  from  that 
of  a  sulphite? 

50.  If  the  specific  gravity  and  molecular  weight  of  a  solid  sub- 
stance be  given,  bow  can  you  find  the  molecular  volume  of  the 
substance  in  the  solid  condition? 

51.  How  does  the  molecular  volume  of  sulphur  compare  with  that 
of  selenium,  1st.  In  the  solid  condition?  2d.  la  the  crystalline  con- 
ditioti  ? 

52.  What  is  true  of  the  molecular  Tolumes  of  all  substances  in  the 
etate  of  gas  ? 

G3.    Compare  the  molecular  volumes  of  tellurium  and  tnsmnth. 


oy  Google 


QUESTIOiiS   AND   PROBLEMS.  327 

64,   What  are  the  analogies,  and  what  are  the  chief  points  of  dif- 
ference hetween  sulphur,  selenium,  and  tellurium? 

55.  Write  thereacljon  of  bydriu  selenide  on  a  solution  of  plumbic 
acetate,  alao  of  potassic  selenate  on  a  solution  of  baric  chloride? 

56.  Write  the  reaction  when  Molybdenite  is  roast^id  in  the  air. 

57.  Write  Ihe  reaction  of  Ji^S  on  a  solution  of  molybdic  acid  in 
bydrocbloric  acid. 

58.  What  is  the  relative  proportion  of  tungstJc  anhydride  in  the 
two  varieties  of  Wolfram  ?  Ans.  76.47  to  76.38  %. 

59.  Write  the  reaction  of  hydrochloric  acid  on  Seheellte. 
GO.   In  what  respects  does  tungsten  resemble  molybdenum? 

61.   What  is  the  atomicity  of  tungsten  and  molybdenum,  and  wliat 
'a  the  prevailing  rjuanlJvalence  in  each  case? 
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254.  COPPER.  Cii  =  03.5.  —  Dya^.  One  of  the  roret 
abundant  metals,  and  known  from  great  antiquity.  Of  its  ores, 
by  far  tlie  most  important  is  Copper  Pyrites,  Fe^S^^Ca,  wliicli 
ia  found  to  a  greater  or  less  extent  in  almost  all  countries. 
This  mineral  resembles  iron  pyrites,  but  is  distinguished  from 
it  by  greater  so'tness  and  a  ruddier  tint.  The  smelting  of  the 
ore  is  a  complex  process,  and  consists  in  an  alternating  series 
of  roastings  and  meltings,  during  which  the  iron  passes  inlo  the 
slags,  while  the  copper  accumulates  in  the  successive  "mattes," 
as  they  are  called,  until  at  last  a  nearly  pure  sub-sulphide  is 
obt^ned.  This  is  now  heated  in  a  current  of  air  until  the  metal 
is  partially  oxidized,  and  then  the  mass  is  melted,  when  the 
following  reaction  results: — 

26'wO-f-  Cu^S=iCa-lr  SO^  [205] 

The  crude  metal  thus  obtained  must,  however,  be  subsequently 
refined.  To  this  end  it  is  first  kept  melted  in  the  air  for  many 
hours,  until  all  the  impurities  are  oxidized ;  and  then  the  oxides 
»f  copper,  formed  at  the  same  time,  are  reduced  by  submitting 
the  mass  to  the  action  of  carbonaceous  gases,  which  are  gener- 
ated by  thrusting  a  stick  of  gi-eea  wood  under  the  molten  metal, 

255.  Metallic  Copper.  Cu.  —  Found  native  crystallized  in 
forms  of  the  isometric  system.  Has  a  brilliant  lustre,  and  a 
familiar  reddish  color.  Has  great  hardness  and  tenacity.  Is 
very  ductile  and  malleable,  and  one  of  the  best  conductors  of 
heat  and  electricity.  Sp.  Gr.  8.8.  Fuses  at  about  TSU".  Vol- 
atilizes only  al  a  very  high  temperature.  Its  vapor  bums  with 
a  beautiful  green  flame,  which  showsin  the  spectroscope  char- 
acteristic bands.  Under  ordinary  conditions  copper  undergoes 
no  change  in  the  atmosphere,  but  if  heated  to  redness  in  the  air 
it  is  rapidly  oxidized.  In  presence  of  acids  or  solutions  of  chlo- 
rides, like  sea-waler,  copper  absorbs  oxygen  from  the  air  at  the 
ordinary  temperature,  and  is  more  or  less  rapidly  corroded.  A 
similar  effect  is  also  produced  by  aqua  ammonia  and  solutions 
of  ammonia  salts.  Out  of  contact  with  the  air,  dilute  hydro- 
chloric or  sulphuric  acids  have  but  little  action  upon  metallic 
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coppei'.  If  boiled  with  strong  hydrochloric  acid,  it  very  slowiy 
dissolves  with  the  evolution  of  hydrogeo  gas.  Under  the  same 
conditions  sulphuric  acid,  if  not  too  dilute,  is  decomposed  by  it, 
cuprio  sulphate  is  formed,  gulphurous  acid  is  evolved,  and  the 
reauiian  is  fiinilar  to  [265].  Nitric  acid  is  the  best  solvent, 
but,  singularly,  the  strongest  acid  has  no  action  on  the  meial. 
When  diluted  with  water,  however,  the  action  ja  -sery  violent; 
cupric  nitrate  is  form'ed,  and  a  gas  is  evolved  which  is  generally 
SO;  but  when  tlie  add  is  very  dilute  this  product  is  more  or 
le^s  mixed  with  iV^j(3. 

25  G.  Cupric  Oxides.  [O(2]0  and  Ci(0.— Both  of  which  act 
as  basic  anhydrides,  altliough  the  salts  of  the  second  are  by  far 
the  most  alable  and  important  compounds.  [C«s]0  has  a  red 
color,  -and  when  melted  into  glass  imparts  to  it  a  beautiful  ruby 
or  purple  color.  It  is  the  Red  Oxide  of  Copper  of  mineralogy, 
and  is  found  massive  and  beautifully  crystallized  in  various 
forms  of  the  isometric  system,  also  in  splendid  capillary  tufts 
(Chalcotrichite).  CuO  is  black,  but  imparts  to  glass  a  green 
color.  It  is  found  sparingly  in  nature,  rarely  crystallized 
(Black  Oxide  of  Copper,  or  Melaconite).  May  be  prepared  by 
roasting  copper  or  igniting  the  nitrate.  Is  very  easily  reduced 
by  hydrogen  [67]  or  carbonaceous  materials,  and  is  much  used 
as  an  oxidizing  agent  in  the  process  of  organic  analysis.  The 
following  reactions  illustrate  some  of  the  relations  of  these 
oxides  and  their  hydrates: — 

When  cold,  («i=02=50s+  2K-0-ff-j-  Aq}  = 

CU'O^a, -^  (Ki^OfSO^-ir  Aq).  [296] 

Byboiling,  {Cu^0fN,J^Ag)=CuO+{H^0-\-Aq).  [297] 
By  boiling  with  grape  sugar, 

{2Ck-0^^S0^-\-  4K-0-ff—  O^Aq)  = 

[CuJO  +  (SAVOa^SO,  -I-  2B,0  -f-  Aq).  [298] 

An  orange-yellow  hydrate,  4[CVi]0.  Z^O,  is  precipitated  on 
first  warming  the  liquid,  but  tiiia  is  rendered  anhydrous  by 
boiling. 

257.  Cupric  S/dphate  (Blue  Vitriol).  Oii.--0^-S0i.hH.,O.— 
The  most  important  soluble  salt  of  copper.   Although  when  pure 
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it  always  crystallizes  with  five  molecules  of  water,  as  above,  yet 
it  ia  capable  of  forming  isomorphous  misturea  wiih  ferrous  sul- 
phate, Fe-Oj'SO^ .  IH^O.  When  in  this  mixture  the  copper  is 
in  excess,  ihe  crystals  take  5^0  and  Ibe  form  of  cupric  sul- 
phate (Fig.  28).  If,  however,  the  iron  is  in  excess,  they  take 
IH^O  and  the  form  of  ferrous  sulphate,  similar  to  Fig.  26.  The 
anhydrous  salt  is  while,  but  becomes  blue  on  uniling  with  water, 
for  which  it  has  a  very  strong  affinity.  Of  the  five  molecules 
of  water  wilh  which  the  crystalline  salt  is  united,  one  is  held 
much  more  firmly  lliaa  the  other  four,  and  may  be  replaced  by 
a  molecule  of  an  alkaline  sulphate.  This  gives  a  reason  for 
writing  the  symbol  of  the  salt  ihaa,  Iio2,Cuo-SO .  AH^O.  In 
like  manner  the  symbols  of  several  son^alied  ba^ic  salts  may  be 
'written  thus, 

Ho,,{OuO^H),lS  (Brochanlite), 

Ho,{CuO.,H),iS.2H.,0, 
in  which  the  group  OuO.Jf  aela  as  a  monad  radical.     From 
solutions  of  cupric  sulphate  the  copper  is  readily  precipitated 
by  Zn  or  Fe. 
Zn  +  (  CuSOt  +  Aq)  =  Cu  +  {ZnSO,  +  Aq).  [299] 

258.  CoriowQjes.  — Malachite,  (C^Oaff)s=CO.  Same  com- 
pound may  be  obtained  by  mixing  hot  solutions  of  cupric  sul- 
phate and  sodie  carbonate.  Azurite,  C^j./^^viuCj  or 
Ho, Oao = 0- Cuo - C=  CuOtHo,  Mysorin,  Ouo^iO.  The  normal 
carbonate  is  not  known. 

259.  Nitrates.  —  Gao^^NO^^ .  GH^O  when  crystallized  be- 
low 60°,  and  Ouo-{N0.i\  .  31/^0  when  er)'stallized  above  GO", 
a  deliquescent  blue  salt.  A  green  basic  nitrate  has  tlie  symbol 
IIo3,{OaO^ff),.Cmya>M^0. 

260.  Capric  Phosphate,  C^03i(P0)j,  is  obtained  on  adding 
a  solution  of  sodic  phosphate  to  a  solution  of  cupric  j^ulphale. 

261.  Cupric  Silicate.    Tfio^tas.^  Ho,{CuOJiySiO. 

262.  Sulphides:— 

Copper  Glance  t*^*!]'Si 

Covelline  (Indigo  Copper)  ChiS, 

Copper  Pyrites  Fe-Si^Ou, 

Erubescite  Fe-S^{{  Cfej]  -5'-[  Ou^), 

Tetrahedrite  lCu;]^lS^lSb^.  ZnS. 

-^'"8l^^ 
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When  H^S  is  passed  through  the  aolution  of  a  copper  salt,  a 
black  precipitate  falls  having  the  compo^tiion  Ctt^S^Hos,  which, 
rapidly  oxidizes  ia  the  air. 

263.  Flaohydrate  of  Copper.    {OuOH)-Fl. 

Gklorides.  —  Cuprous  Chloride,  \_Cu^Cii-  White  compound, 
inioluhie  in  water,  crystallizes  in  tetrahedrons.  Cupric  Chloride, 
CaClf.  2/^0,  cryatnllizesin  green  needles,  very  soluble  in  both 
water  and  aicoliol,  Cupric  Osichloride,  {Oufi^^YGl^.  iH^Ofli 
much  lined  as  a  paint  (Brunswick  green),  and  ihe  mineral  Atac- 
amite  is  the  same  compound,  with  only  one,  or  al  moat  two,  mole- 
cules of  MiO. 

2C4.  Cuprit  Hydride.  GuH^. — A  brown  powder,  winch  gives, 
with  hydrochloric  acid,  (he  following  remarkable  reaction: — 

CuHi-\-  {iHCl^Aq)  =  {OuCk+^g)  +  2//-^    [300] 

2C5.  Ammoniated  Compounds.  —  When  a  solution  of  ammo- 
nia or  of  ammonia  carbonate  is  added  to  a  solution  of  a  salt  of 
copper,  the  light-green  precipitate  first  produced  readily  dis- 
solves in  an  excess  of  the  reagent,  producing  a  deep-blue  solu- 
tion ;  and  this  striking  coloration  is  one  of  the  most  charaoteristio 
tests  of  the  presence  of  copper.  The  effects  are  caused  by  the 
formation  of  certain  remarkable  compounds,  in  which  a  portion 
of  the  hydrogen  of  the  ammonia  appears  (o  have  been  replaced 
by  copper.     The  following  are  a  few  examples; — 

{Hi,H^HfN^^Cu)-Cl^  m„If^(Njr,)fNrCu)-SO^ .  R,0. 

266,  Characteristic  Reactions.  — The  presence  of  copper  in 
a  solution  may  be  readily  detected,  not  only  by  ammonia  as  in- 
dicated above,  but  also  by  the  action  of  polished  iron  (a  needle, 
for  example),  which,  in  a  feebly  acid  solution,  soon  becomes 
covered  with  a  red  metallic  coating.  Copper  ores,  when  mixed 
with  iluxes,  are  readily  reduced  on  charcoal  before  the  blow- 
pipe, and  this  is  one  of  the  best  means  of  recognizing  such 
comjiounds. 

267.  Uses.  —  Besides  the  numerous  uses  of  the  metal  itself 
copper  is  employed  in  the  arts  still  niore  eslensively  when 
alloyed  with  other  metals.  The  varieties  of  brass  and  yellow 
metal  are  alloys  of  copper  and  zinc  in  different  proportions, 
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while  bronze,  bell-metal,  gun-metal,  and  epeculum-metal  are  all 
essentially  alloys  of  copper  and  tin.  Several  of  the  compounds 
of  copper  are  much  used  as  paints. 

268.  MERCURY,  /fi/ =  200.  —  Dyad.  Thw  element  I'a 
not  widely  dieaeminated,  but  its  ores  are  abundant  in  a  few  lo- 
calities, of  which  the  most  noted  are  Idria  in  Austria,  Alniaden 
in  Spun,  New  Almaden  iu  California,  and  Huancavelica  in  Peru. 
The  ores  at  all  these  localities  consist  chiefly  of  Cinnabar,  HgS, 
but  they  frequently  contain  a  small  quantity  of  the  metal  in  the 
native  state.  They  are  easily  smelted,  the  sulphur  of  the  ore 
serving  as  fuel.  The  assorted  ores  are  arranged  in  layers  in 
kilns  of  peculiar  construction,  and  the  mass  kindled  wi;h  brush- 
wood. As  the  sulphur  burns  away,  Ihe  mercury  is  volatilized, 
and  the  products  thus  formed  ai-e  passed  through  earthen  pipes 
("aludels")  or  brick  chambers,  which  condense  the  mercury 
vapor,  while  the  SO.^  gas  escapes  into  the  atmosphere, 

ByS-\-  0-0  ^  Hg  -{-  SO.^  [301] 

In  the  Palatinate,  mercury  is  obtained  from  cinnabar  by  mixing 
the  ore  with  slaked  lime  and  distilling  in  iron  retorts. 

4ITgS-\-4:(hO—ZC    §+  (,    SO  + /^       [30] 

260.   Metallic  Mercury.  ^.  —  Th        ly  m  tal  1  q    d 
dinary  temperatures.     Freezes     t  — 40       B    1      t       0       d 
evaporates,  but  only  with  exceel         1  w  t    h        di      y 

temperature.  5)o.  ft-,  of  liquid  13  5Jf  Sj  G  t  p  by 
experiment,  100.7.    Has  a  brilU     t       t  II     1  1  1 

color.  In  solid  condition  is  malleall        y  t  II  oclah  d    n 

Sp.  Gr.  14.4.     In  contact  with  ih  pu  j       d      oe 

no  change  at  the  ordinary  tcmpe  b  t    t  b    1    1         1     at 

mosphere,  il  is  slowly  converted     t    HgO      Hjd      1!  d 

is  without  action  on  the  metal,      d  th        m  f   H 

Bulphuric  Hcid.     Strong  sulphui-i        d  h  d      mp      d 

by  it  [265].     The  best  solvent         t  1      h    i    j    1 1    dif 

ferent  products  according  to  the  p    p  f  m      1        d     nd 

water  used.     Chlorine,  Bromine,  lod      ,  a  d  h  Ij  1         11 
into  direct  union  with  mercury.     By  simple  tiituralion  the  liquid 
metal  admits  of  being  mechanically  mixed  m  a  flate  of  minute 
subdivision  with  chalk  and  with  saccharme  or  ole^igmouii  sub- 
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sianees,  and  many  important  pharmaireutical  preparations  are 
made  in  this  way,  —  blue-pills,  mercurial  ointments,  etc. 

270.  Oxides  of  Mercury.  —  Mercurous  Oxide,  \_Hg^O. 
Black  powder,  very  unstable.  Decomposed  by  exposure  to  light 
or  to  a  very  gentle  heat.  \_Hg.^O  =  HyO -\- Hg.  Mereuric 
oxide,  Hg  0.  Red  crystalline  scales  or  yellow  powder,  according 
to  mode  of  preparation.  Stable  compound,  but  decomposed  at 
red  heat  into  mercury  and  oxygen  [228].  No  corresponding 
hydralea  are  known,  but  both  oxides  form  stable  salts. 

271.  Nitrates.  —  Mercurous  nitrate  is  obtained  by  dissolving 
melaliic  mercury  in  an  excess  of  nitric  acid  diluted  with  four  or 
five  limes  its  bulk  of  water.  Mercuric  nitrate  is  best  obtained 
by  dissolving  mercuric  oxide  in  an  excess  of  nitric  acid.  These, 
like  other  salts  of  mercury,  tend  to  form  basic  compounds. 

Mercurous  Nitrate  iHy;\^ 0.f-N^O^ .  2H^0, 

Dimercurous  Nitrate         {[,Hg.i~\-0-\_Hg^)--OiN^0„ 
Trimercurous  Dinitrate 

Mercuric  Nitrate  Hg--0.rN^O^ .  2H^0, 

Dimercuric  Nirrate  {Hg-0-Hg)-OfN^O, .  ^Hfi, 

Trimercuric  Nitrate  Xug-O-Hg-O-HgyOfS^O^.  HJ). 

A  solution  of  mercurous  nitrate  with  caustic  soda  gives  a 
black  precipitate  of  mercurous  oxidp. 

{^Hg^'Oi-N^O^  +  ^Na-0'H\-  Aq)  = 

Iffg^-]  0  +  {iNa-O-NO^  +  H.^0  +  Aq).  [303] 

A  solufion  of  mercuric  nitrate  with  caustic  soda  gives  a  yel- 
low precipitate  of  mercuric  oxide. 

{Hg--0.fN^O^  +  2m-0-H-\-  Aq)  = 

HgO-\-  {2Na-0-N0^  +  H^O  +  Aq).  [304] 

Mercurous  nitrate,  if  healed,  is  converted  into  the  red  crj-s- 
talline  variety  of  mercuric  oxide, 

iHg^yOi-N^O^  =  2HgO  +  2N0^.  [305] 

272.  Sulphates.  —  IVben  mercury  is  gently  heated  with  an  px- 
ceas  of  sirong  sulphuric  acid,  Mercurous  Sulphate,  \_Hg^'0.fSO^ 
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is  formed;  but  if  tbe  heat  be  increased,  and  the  evaporation 
carried  to  diyness,  the  first  product  is  changed  into  Mercuric 
Sulphate,  Hg'O^SO^,  which  is  a  white  cryslalline  powder, 
readily  dissolving  in  a  solution  of  common  salt,  but  decomposed 
by  pure  water  into  a  soluble  acid  and  an  insoluble  basic  salt. 
The  last  is  known  as  turpeth-mineral.  It  has  a  yellow  color, 
and  its  composition  is  expressed  by  tbe  symbol, 

{ffg-0  -Hg  -0-IIgyOfSO^. 

Mercuroua  sulphate  is  also  prepared  for  the  manufacture  of 
calomel  by  triturating  together  mei'cnric  sulphate  witli  a  quan- 
tity of  mercury  equal  to  that  which  it  already  contains. 

273.  SMZ/iAfWe*.— JUercurous  Sulphide,  [_Ifg^S,  obtained 
as  a  black  precipitate  on  passing  H^S  gas  through  the  solution 
of  a  mercurous  salt.  Very  unstable,  like  the  corresponding  ox- 
ide. Mercuric  Sulphide  (Vermilion,  Cinnabar),  HgS,  is  pre- 
cipitated by  the  same  reagent  from  the  solution  of  a  mercuric 
salt.  This  precipitate  is  also  black,  but  when  sublimed  the  sub- 
Etance  acquires  the  peculiar  vermilion  tint.  Vermilion  is  usually 
prepared  by  rubbing  together  mercury  and  sulphur,  and  sub- 
liming the  black  product.  Crystals  are  frequently  thus  obtained 
identical  in  form  with  those  of  natural  cinnabar  (76). 

274.  Chlorides.  —  Mercurous  Chloride,  \_Hg^  Cl^  may  be 
obtained  either  as  a  white  powder  or  in  crj'Stala  (75),  —  1st. 
By  subliming  a  mixture  of  mercuric  chloride  and  mercury, 

i?sCZ,  +  //,  =  [flj,]CT,  [306] 

2d.  By  subliming  a  mixture  of  mercurous  sulphate  and  com- 
mon salt, 

iHg;\SO,  +  iNaCl  =  Na^SO,  +  [-ffyj CT,.    [307] 

3d.  By  precipitation  from  a  Bolution  of  mercurous  nitrate, 

[/('y,](74+(2iV<7_VOs  + Jf).  [308] 

Calomel  is  insoluble  in  water,  alcohol,  and  ether.  The  Sp. 
Gr.  of  its  vapor  is  only  one  half  of  that  which  the  theory  would 
require,  —  an  anomaly  which  is  explained  as  an  effect  of  disaa- 
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fiociation.  Sublimes  below  &  red  heat  without  melting.  When 
triturated  with  a  solution  of  soda  or  potash,  it  is  turned  black, 
owing  to  the  formation  of  {ffff^)  0,  and  ivhen  heated  wilh  allia- 
line  clilorides  it  is  converted  into  Hg  Cl^  In  the  presence  of  or- 
ganic matter,  acids,  and  air,  this  last  change  may  take  place,  to 
some  extent  at  least,  at  a  temperature  of  38°  or  40°.  Calomel 
is  an  invaluable  medicine.  It  was  first  prepared  by  robbing 
together  in  a  morlar  Hg  -(-  HgCl^  but  thia  product,  although 
having  all  tlie  medicinal  properties  of  the  while  sublimate,  had 
a  brilliant  black  color,  whence  the  name,  from  xakhs  /ifXai. 

275.  Mercuric  Chloride  {Corrosive  Sublimate).  HgCl^  — 
Ciystalline  (77)  white  solid,  melting  at  265°,  boiling  at  293% 
and  yielding  a  vapor  whose  Sp.  Gv.  (141.5)  conforms  very 
nearly  to  the  theory.  Soluble  in  water,  alcoliol,  and  ether. 
Forms  salts  with  the  alkaline  chlorides  as  ^NaCl.HgCli.  May 
be  prepared  by  subhming  a  mixture  of  mercuric  sulphate  and 
common  salt,  but  adding  a  small  amount  of  jKiOato  the  mis- 
ture  to  prevent  the  formation  of  calomel.  Also  found  when, 
mercury  is  burnt  in  chlorine  gas.  Coagulates  albumen,  and 
forms  with  it,  a^  well  as  with  other  albuminoid  substances,  sta- 
ble  compounds  insoluble  in  water.  Acts  as  a  violent  poison. 
Used  for  preserving  from  decay  wood,  dried  plants,  and  other 
objects  of  natural  history,  and  this  effect  appears  to  be  due  in 
part  to  its  peculiar  action  on  albuminoid  compounds.  It  is  also 
a  valuable  reagent,  and  is  used  to  prepare  other  anhydrous 
chlorides. 

Mercury  forms,  like  copper,  a  large  Eumber  of  oxichlorides. 
It  also  combines  with  the  otlier  members  of  the  chlorine  group 
of  elements.  Among  these  compounds  the  most  interesting  is 
the  iodide,  Hgl^viMizh  affects  two  different  crj-stalline  forms  dis- 
tinguished also  by  striking  differences  of  color.  As  obtained 
by  precipitation 

{HgCk  +  2^:/+  Aq)  =  HgT^  +  {^KCl  +  Aq),     [309] 

it  appears  as  a  crystalline  red  powder  (75).  This  when 
heated  changes  its  crystalline  condition  (77)  and  becomes  yellow, 
but  the  yellow  variety  is  changed  back  to  the  red  by  mere 

276.  Ammoniated  Compounds. — The  compounds  of  mer- 
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cury,  when  acted  on  by  ammonia  or  ita  salts,  yield  a  large  num- 
ber of  eomjjiex  products.  Among  these  the  most  remarkable 
ia  a  powerful  base  called  Mercuramine,  which  is  formed  by  the 
action  of  aqua  ammonia  upon  yellow  precipitated  oxide  of  mer- 
cury. Tiiere  is  a  diffei'cnce  of  opinion  in  regard  lo  the  arrange- 
ment of  the  atoms  in  this  compound,  but  the  most  probable 
symbol  is  {ng,{HgOH),mN)-0-H.  H.,0.  Tlie  hydrate  ab- 
Eorba  CO2  from  the  air,  and  forms  definite  salts  with  all  the 
common  acids.  This  compound  is  unstable,  but  when  healed, 
two  molecules  of  the  hydrate  give  up  three  molecules  of  water, 
and  iliei-e  13  left  a  dark  brown  product  permanent  in  the  air, 
whose  symbol  may  be  represented  after  the  type  [tfjJVJjO.- 
The  following  are  the  symbols  of  a  few  only  of  the  many  mer- 
curial compounds  of  this  class;  — 

Hi,H^'N^\_Hg^,  formed  by  the  action  of  ammonia  gas  on  pre- 
cipitated calomel. 
H^-{_Hg^iNi'\_Hg^,  black  compound,  formed  from  calomel  by 

action  of  aqua  ammonia. 
{H^^H^^HglN^-Hgy-CI^  "  White  Precipitate,"  formed  by  adding 
to  aqua  ammonia  a  solution  oiHg  CI3. 
{H^H^,HiNi:Hg)-Cl^  "Soluble  White  Precipitate." 

277.  Characteristic  Reactions  and  Uses.  —  The  salts  of  mer- 
cury, whether  soluble  or  insoluble,  are  all  reduced  to  the  metal- 
lic state  by  a  solulion  of  stannous  chloride.  Any  of  the  salts 
heated  in  a  closed  tube  with  sodic  carbonate  give  a  sublimate  of 
minute  globules  of  mercury.  From  solutions  of  its  salts  mer- 
curj'  ia  deposited  as  a  gray  film  on  metallic  copper,  and  if  short 
lengths  of  copper  wire  thus  coated  and  carefully  dried  be  heated 
in  a  closed  tube,  the  sublimate  is  obtained  as  before. 

The  chief  consumption  of  metallic  mercury  is  in  the  treat- 
ment of  gold  ores.  It  is  also  used  for  silvering  mirrors,  for 
making  various  philosophical  instruments,  and  for  other  pur- 
poses in  the  arts.  Large  quantities  are  consumed  in  prepar- 
ing its  various  compounds,  and  these  are  among  the  moat  im- 
portant articles  of  the  materia  medica. 
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Questions  and  Problems- 


1.  Write  the  reaction  of  boiling  Bulpliiiric  acid  on  copper. 

2.  Write  tbe  reaction  of  nitric  acid  on  copper,  —  1st,  assuming 
tliat  NO  is  the  aeriform  product;  2J,  that  it  is  Nfi. 

.   Write  the  reaction  which  takes  place  when  cupric  nitrate  ia 
d  by  heat. 

4.  Why  does  not  concentrated  nitric  acid  act  on  copper  ? 

5.  Kepreaent  the  constitution  of  the  hydrate  4[Cu,]0.S,0tn  the 
typical  fumi.  How  may  it  be  regarded  as  related  to  the  normstl 
hydrate  [Cu,]=ffOj?  An*.  It  equals  4[C«,]"//o,  —  aHfi. 

G,  How  may  anhydrous  cupric  sulphate  be  used  to  detect  the 
presence  of  moisture  ? 

7.  In  what  other  way  may  the  lymbols  of  the  different  basic  sul- 
phates be  written  V 

Ans.  The  symbol  of  Brochantite  may  be  written  {Cu-O-Ou-O- 
Cu-0-CuyO,-SO,.  3H,0,  and  the  othere  in  a  similar  way. 

8.  How  may  tbe  symbob  of  the  basic  sulphates  be  derived  from  the 
hydrates  ? 

Ans.  Disr^anling  the  waterof  crystallization,  we  may  regard  Bro- 
chantite  as  formed  from  the  condensed  hydrate  iCtfO^Hj 
by  lirst  eliminating  3//,0  and  then  replacing  the  reinaining 
n,  by  SO,. 

9.  If  the  symbol  of  Broehantite  is  written  as  in  the  text,  to  what 
order  of  sulphates  does  it  belong?  Ane-  Orthosulphates. 


1  of  Malachite 

12.  Both  Malachite  and  Azurite  may  ho  regarded  as  formed  by 
the  molecular  union  of  cuprie  hydrate  and  cupric  carbonate.  Write 
the  symbols  on  this  theory. 

13.  Malachite  is  how  related  to  cupric  hydrate? 

Ans.  It  may  be  regarded  as  the  hydrate  doubly  condensed  with  two 
of  the  hydrogen  atoms  replaced  by  CO  thus,  Cu^O,mCO,H, 
or  CifO,'CO.  C-fO^-H,.  Symbol  of  Azurile  in  the  same 
way  becomes  Cv^lO^iCOy^II,  or  2Cu'0,^CO.  CwO^'H,. 

14.  To  what  order  of  carbonates  does  My«orin  belong? 
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15.  Ill  nhat  other  waj'S  may  the  sjimbol  of  the  cnpric  nitrates  he 
■written  ? 

Ans.  Cu--0^-{NO^\  and  Cu^W,sNO„H^,  or  Cu^O,'iNO^,H .  Cu- 
OfH^. 

16.  Write  the  symbol  of  dioptase  in  the  same  typical  form. 


18.  Write  the  reaction  of  solution  of  Bodic  phosphate  on  solution 
of  cupric  sul|iha(e. 

19.  Represent  the  constitution  of  the  various  sulphides  of  copper 
by  graphic  symbols. 

20.  In  what  relation  does  the  fluohydrate  of  copper  stand  to  the 
hydrate  and  fluoride  of  the  same  metai  ? 

Ans.  It  holds  an  intermediate  position,  as  shown  by  the  symbols 
Cu^//o,,  Cu^Ho,Fl,  CuFI,. 

21.  Regarding  tlio  molecule  of  water  in  the  common  variety  of 
Atacamite  as  water  of  constitution,  how  may  the  formnla  of  this 
mineral  be  siiiiplifitd  ? 

Ans.'  It  may  be  halved  and  written  (Cu-0-Cu)=Ho,Cl. 

22.  How  is  Atacamite  related  to  cupric  hydrate? 

Ans.  2Cu^Ho^  =  (Cu-0-Cit)>m,  +  Hfi,  then  replacing  one 
atom  <^Ho  in  basic  hydrate  by  CI. 

23.  What  do  you  find  that  is  remarkable  in  the  reaction  of  cupric 
hydride  on  hydrochloric  acid  ?  Compare  it  with  reaction  [23G],  and 
consider  whether  it  indii:ates  a.  dilference  of  condition  in  hydrogen 
similar  to  that  in  oxygen. 

compounds  of  copper  in 

25.  What  evidence  can  you  find  that  a  portion  of  the  nitrogen 
at«ma  in  two  of  the  compounds  stand  in  a  different  relation  to  the 
molecule  from  the  others  ? 

Ans.  If  the  nitrogen  atoms  were  all  typical,  we  shoull  expect  the 
basic  radicals  to  fix  more  than  the  equivalent  of  two  univa- 
lent acid  radicals. 

20.  Write  the  symbols  of  the  hydrates  which-  corroF^ond  to  the 
different  basic  nitrates  of  mercury,  and  show  bow  such  basic  hy- 
drates may  he  derived  from  the  assumed  normal  hydrates. 

27.  How  is  it  possible  that  salts  should  exist  corresponding  to  hy- 
drates that  cannot  be  isolated? 
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28.  Sbow  how  turpeCh-mmeral  may  be  derived  from  an  asautned 
normal  hydrate. 

29.  How  would  you  seek  to  determine  ivHetlier  tlie  black  product 
obtained  by  grinding  togetiier  Hg  -j-  S  is  a  mixture  or  a  compound  ? 

30.  By  experiment  it  appears  tbat  the  specifie  gravity  of  calomel 
vapor  is  118.5.  What  should  it  be  theoretically  'I  Into  what  is  it 
probably  decomposed  when  heated  ?        Ans.  233.5 ;  Hg  and  HijCI^ 

31.  In  administering  calomel  as  medicine,  nhat  associations  with 
other  drugs  should  be  avoided  ? 

32.  How  may  calomel  be  distinguished  from  corrosive  sublimate? 
S%.    What  is  the  theoretical  Sp.  Gr.  of //jCij,  and  why  should  you 

antii^ipate  so  great  a  difTerence  between  it  and  the  experlcuental  re- 
sult? 

Ans.  I3j,5.  In  such  a  dense  vapor  the  deviation  from  Mariotte'a 
ian  would  probably  be  large. 

34.  Write  the  reaction  which  takes  place  when  a  mixture  of  mer- 
curic sulphate  and  common  salt  are  sublimed. 

S5,  In  cases  of  poisoning  by  corrosive  sublimate,  why  should  milk 
or  the  white  of  eggs  be  useful  as  temporary  antidotes  until  the  stomach 
oan  be  emptied  by  an  emetic  or  otherwise  ? 

36.  Write  the  symbols  of  the  chloride,  nitrate,  sulphat*,  and  car- 
bonate of  mercuramine. 

37.  Write  the  symbol  of  the  oxide  of  mercuramine  described 

38.  Represent  the  different  ammoniated  compouads  of  mercury 
by  vertical  symbob,  and  point  out  the  type  of  each. 
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278.  CALCIUM.  Ca  =^  40.  -^  Dyad,  One  of  the  most 
abundant  and  imjjortant  constituents  of  the  crust  of  tli«  globe. 
The  elemenlary  aubstance  is  a  soft,  maileable  metal,  with  a 
reddish  tinge  of  color.  Keadily  taniishes  in  the  air,  and  burns 
when  heated,  forming  lime.  Decomposes  water  at  aU  temper- 
atures, foroiiag  caluic  liydrate. 

.2Ca  +  <S>©^2CaO. 

The  metal  i*  obtained  with  difficulty  either  by  the  electroly- 
eis  of  the  melted  eWorld e  or  by  decomposing  jhe  iodide  with 
Bodiura. 

279.  Calcic  Carbonate.  Ca  =  0.f  CO  or  Cao-CO.  — The  <Mei 
lime  mineral.  Remarkable  for  the  great  variety  of  its  crystal- 
line forms.  Dimorphous  (Hexagonal  and  Orthorhombic).  The 
hexagonal  forms  (Figs.  14,  16,  17,  40,  41,  and  42}  belong  to 
the  mineral  species  Calcite.  The  orthorhombic  forms  (74)  to 
the  species  Aragonite.  Sp.  Gr.  of  Calcite  2.72.  of  Aragonite 
2.94,  The  last  is  also  distinguished  fVom  the  first  by  superior 
hardness,  and  falling  to  powder  when  heated.  The  crystalline 
varieties  of  ealcite  are  readily  recogniaed  by  a  very  striking 
rhombohedral  cleavage.  Limestones,  Oolite,  Chalk,  Marble, 
Travertine,  Tufa,  Calcareous  Marl,  are  nameH  of  varieties  of 
rocks,  whicli  consist  chiefly  or  wholly  of  one  or  the  other  of 
these  two  minerals,  generally  of  ealcite.  Many  of  these  rocks 
make  excellent  building  stones.  All  the  varieties  of- calcic 
carbonate  dissolve  with  effervescence  in  dilute  nitric  and  other 
acids,  and  may  thus  be  distinguished  from  the  siliceous  miner- 
als which  they  (-oraetimes  outwardly  resemble.  Calcic  carbonate, 
although  nearly  insoluble  in  pure  water,  is  readily  dJ.ssolved  by 
water  charged  with  GO.^.  Thus  it  is  held  in  solution  by  the  water 
of  lime  districts,  and  to  a  greater  or  less  extent  by  most  spring 
water.  Such  water,  when  sti-ongly  charged,  deposits  calcic  car- 
bonate on  exposure  to  the  air,  and  thus  are  formed  stalactites, 
tufa,  and  travertine.  It  also  forms  deposits  in  boiler.",  and  de- 
composes the  soap  used  in  washing.  (Hard  water.)  Calcic 
carbonate  may  be  readily  formed  artificially  by  the 
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{CaCl^  +  {NII,\'C'0^  +  Aq)  = 

Ca-C0,^{2{NH,)Cl  +  Aq).  [311] 

Singularly,  however,  if  the  products  of  tlie  reaction  are  boiled 
togetlier,  i!ie  revei-se  cliange  lakes  place  (  calcic  chloride  ia 
formed,  which  dissolvea-,  while  ammouic  carbonale  is  carried 
away  with  the  steam. 

280.  Cakie  Ojctde  {QaicMime).  CaO, — Obtained  by  burn- 
ing limestone  in  kilns. 

Ca<;o,  =  CaO  +  ®%  [312] 

Amorphous  white  solid.  Very  infusible,  and  emilting  on  intense 
white  light  when  ignited  (Di-ummond  Liglit).  Has  strong  af- 
finity for  water,  and  tbe  chemical  union  is  attended  with  the 
evolution  of  much  heat  (slaking).  Exposed  to  the  air,  it  grad- 
ually absorbs  both  water  and  carbonic  anhydride  (mr  slaking). 

281.  Gahic  Hi/drate.  Ga^Ho^.  A  light  dry  powder.  Sol- 
uble in  about  425  parts  of  cold  water  (lime-water).  With  a 
smaller  quantity  of  water  it  forms  a  sort  of  emulsion  called 
milk  of  lime,  and  with  still  less  water  it  gives  a  somewhat 
plastic  past*,  which,  mixed  wiih  sand,  is  ordinary  mortar. 
Hydraulic  cements,  which  harden  under  water,  are  made  from 
limestones  containing  from  fifteen  to  thirty-five  per  cent  of 
finely  divided  silica  or  clay;  also  by  intimately  mixing  wiih 
chalk  a  due  proportion  of  clay  under  regulated  conditions,  and 
subsequently  burning.  Calcic  hydrate  acta  oa  the  skin  like  a 
caustic  alkali,  and  is  used  by  the  tanners  for  removing  hair 
from  hides.  It  has  a  strong  affinity  for  00^  and  hence  is  used 
for  rendering  aoda  and  potash  caustic  [97J-  It  is  also  em- 
ployed for  purifying  coal-gas,  and  in  many  other  processes  of 
the  arts.  It  is  largely  used  as  a  manure.  Whitewash  is  milk 
of  time  mixed  with  a  little  glue. 

282.  Chloride  of  Lime  or  machine  P&wder,  CaOCJ^  is 
formed  by  passing  chlorine  gas  into  leaden  chambers  containing 
slaked  lime,  which  absorbs  the  gas  very  rapidly. 

CaO  +  Cl-C(=  {Ca-Oy-C'l^  [313] 

Very  much  used  in  the  arts  for  bleaching  cotton  goods.  Thie 
cloth  having  been  well  washed  and  digested  in  a  weak  solution 
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of  chloride  of  lime,  is  passed  inlo  very  dilute  sulpliuric  acid, 
which  liberates  ihe  ctilorine  in  the  fibre  of  the  clotli.  May  also 
be  used  in  Ihe  laboratoiy  aa  a  source  of  chlorine  gas. 

(CaOCk  +  -ffa^Oj  +  Aq)  = 

{CaSO,  -\-  H.fi-Y  Aq)  +  ©1-3).  [3U] 

283.  Gidcic  Peroxide.  {C'a-OyO.  —  Formed  by  addiog 
HiOi  to  linie-wiit3r,  but  is  a  very  unsinble  compound, 

28i.  Calcic  Salphate.  Ca'0.fSO.f  —  Second  in  importance 
of  the  lime  minerals.  It  occurs  in  nature  both  in  an  anhydrous 
and  hydrous  form.  The  anhydrous  minei-al  is  called  Anhydrite, 
the  hydrous  mineral  is  Gypsnm.  Anlij'drite  cryslulliaes  in  the 
orthorhombie  system  (77),  and  has  Sp.  Gr.  ^  2.9.  Gypsum 
{CaSOi-  -211^0)  crystallizes  in  the  monoclinic  system  (Fig.  25), 
has  1^.  Gr.  =  2.3,  and  is  softer  than  the  first.  Calcic  sulphate 
is  soluble  in  about  400  part^  of  water,  and,  like  several  of  the 
lime  salts,  is  much  less  soluble  in  hot  water  than  iu  cold;  and 
when  water  holding  sypsum  in  solution  is  heated  to  a  high  tem- 
perature in  steam-boilers,  the  whole  is  deposited  in  an  insoluble 
condition  (CaSO^.  Iff^O).  It  is  a  very  common  impurity 
of  spring  water.-;,  and  is  another  cause  of  their  hardness,  and  of 
the  crusts  which  they  sometimes  foim  on  the  inner  surface 
of  boilers.  It  is  found  in  considerable  quantity  in  the  water  of 
salt  springs,  and  of  the  ocean.  When  these  waters  are  evap- 
orated it  is  deposited  before  the  common  salt.  Hence  in  nature 
we  find  that  bedj  of  rock-salt  are  usually  associated  with  anhy- 
drite and  gypsum.  The  last  is  by  far  the  most  abundant  min- 
eral, forming  in  some  places  extensive  rock  deposits  of  great 
thickness.  It  is,  moreover,  found  in  beautifully  transparent 
crystals  (Selenite),  which  can  be  easily  split  into  very  thia 
plates,  and  it  also  forma  the  ornamental  stone  called  alabaster. 
When  heated,  gypsum  readily  gives  «p  its  water  of  crystalliza- 
tion, and  when  not  overburnt  the  dry  product,  if  reduced  to 
powder  and  made  into  a  paste,  again  unites  with  water  and  sets 
into  a  hard  mass.  This  reunion,  however,  will  not  take  place 
if  the  gypsum  has  been  heated  above  300° ;  and  anhydrite  is 
then  formed.  The  calcined  gypsum,  called  Plaster  of  Paris,  is 
used  ia  immense  quantities  for  making  casts,  and  in  various 
forms  of  stucco-work.  Ground  gypsum  is  also  a  valuable  ma- 
nure, and  finds  other  applications  in  the  arts. 


oy  Google 


§288.]  CALCIUM.  343 

285.  Cakic  Phosphate.  (7!i03(PO)2.  —  T[ie  diief  earthy  eon- 
etituetit  of  tiie  bones  of  animals.  The  animal  obtains  it  from 
the  plants,  juid  the  plant  draws  its  supply  from  the  soil.  The 
grains  of  the  cereals  are  especially  ricii  in  tliis  bone-making 
material,  and  as  the  supply  in  the  soil  is  usually  limited,  these 
plants,  when  cultivated  year  after  year,  soon  exhaust  it.  Hence 
it  is  all  important  for  the  agriculturist  to  restore  to  his  land  the 
pliosphiitei  as  fast  as  they  are  removed  by  the  crops,  and  ground 
bones,  guano,  phosphorite,  and  other  forms  of  calcic  phosphate, 
are  used  for  thia  purpose.  The  mineral  Apatite  is  a  crystal- 
line variety  (Fig-  14)  of  this  same  material,  but  contains  also 
about  eight  per  cent  of  calcic  fluoride  mixed  with  more  or  less 
calcic  chloride.    Itssymbol  may  be  written  (Ctijf  )i:iO„iit(PO)j. 

28C.  adcic  Silicate  {Tabular  Spar).  Gao^SiO,  is  a  not  un- 
common mineral.  Formed  on  the  surface  of  tlie  grains  of  sand 
when  morlar  hardens ;  and  the  valuable  (jualities  of  hydraulic 
cements  are  probably  due  to  a,  still  more  complete  union  of  the 
same  kind.  An  artificial  stone  of  great  strength  may  be  made 
by  first  mixing  together  solutions  of  calcic  chloride  and  sodic 
silicate,  and  then  incorporating  with  the  half-fluid  mass  a  large 
propoi-tion  of  sacd. 

287.  Calcic  Fluoride  {Fluor-Spar).  Ca^j.  — An  abundant 
mineral  and  ihe  most  important  compound  of  fluorine.  It  is 
found  both  massive  and  crystallized  in  the  forms  of  the  isomet- 
ric system,  generally  in  cubes  Ha«  octohedral  cleavage.  The 
pure  material  ib  colorless  but  the  native  crystals  are  frequently 
beautifully  colored,  and  are  a  uout  the  most  splendid  specimens 
of  our  mineral  cabmets  Fxpo>ed  to  the  light,  they  frequently 
exhibit  a  rem  irkable  fluofesi^nce,  and  many  varieties  of  the 
miner  il  phosphoresce  whet  heated  Although  not  very  fusible 
by  it=elf  fluir  spar  forms  i  very  fu  ibie  slag  with  gypsum  and 
othei  e  irihy  minerals  frequently  associated  with  lead  ores. 
Thia  property  renders  it  a  valuible  fiiix  in  the  process  of  smelt- 
ing such  ore  and  hence  the  name  Buor.  In  small  quantities  it 
18  almoi-t  invimblj  aaaofiitei  with  calcic  phosphate,  not  only 
in  the  mineral  kingdom,  but  a1  o  in  the  bones  and  teeth  of 
animals 

288.  Oaleic  Ghhnde.  CaOl^  —  A  deliquescent  salt,  readily 
obtained  by  dissolving  calcic  carbonate  in  hydrochloric  acid. 
Also  a  secondary  product  in  the  preparation  of  ammonia  [162]. 
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Ca  CO:,  +  {^HCl  -\-  Aq)  = 

{CaCk  +  H^0-\-  Aq)  +  CO^  [315} 

A  useful  reagenf,  and  also  employed,  on  account  of  iU  hygro- 
scopic qualiiie.',  for  drying  gases. 

289.  Calcic  NUrale.  Cko'(N'O^)^  —  Also  a  very  soluble 
deliquescent  salt,  which  is  formed  in  the  soil,  in  eellai-s,  in  lime 
cavero^,  and  wlierever  organic  matter  decays  in  conlact  with 
calcareous  materials.    Chiefly  important  as  a  source  of  saltpetre. 

290.  SruONTlUM,  Sr=87.6,  and  BARIUM,  Ba^i37. 
—  Dyuda.  The  compounds  of  these  elements  are  closely  allied 
to  the  corresponding  compounds  of  calcium,  and  the  differences 
arc  only  those  wLich  we  should  expect  between  members  of  the 
same  chemical  series.  They  are,  however,  far  less  abundantly 
distributed  in  nature.     The  most  important  native  compounds 

Strontic  Carbonate,  Slronfianite,  SrCOi,  Sp.  Gr.  3.70. 
Baric  Carbonate,  Witheriie,  BaCO^      .^.  (?*■.  4.32. 

These  are  isomorphous  with  Aragonite.  No  hexagonal  forms 
corresponding  to  calcite  are  known.     In  like  manner  we  have 

Strontic  Sulphate,      Celestine,  SrSO„  Sp.  Gr.  S.95. 

Baric  Sulphate,  Heavy  Spar,      JiaSO„        Sp.  Gr.  4.i8. 

These  are  isomorphous  with  anfiydrile.  No  hydrous  minerals 
corresponding  to  gypsum  are  known.  Strontic  sulphiile  is  much 
less  soluble  in  water  than  calcic  sulphate,  and  baric  sulphate  is 
practically  insoluble.  Moreover,  the  solubility  of  these  saUs  is 
not  increased  by  the  presence  of  weak  ftdd^  Hence  a  solution 
of  calcic  sulphate  will  give  a  precipitate  in  solutions  containing 
either  strontium  or  barium,  and  a  solution  of  strontic  sulphate 
only  in  the  last.  The  sulphates  are  both  easily  prepared  ariifi- 
cially  from  solutions  of  coiTespmiding  chlorides  by  precipitation 
with  sulphsric  acid. 

291.  The  Strimtic  tatd  Baric  Mlratm  and  the  Striatic  <tKd 
Baric  Chlorides  are  all  soluble  salts,  but  less  soluble  than  the 
corresponding  salts  of  calcium,  the  barium  compounds  being  in 
each  case  the  less  soluble  of  the  two.  They  are  easily  prepared 
by  dissolving  the  native  carbonates  in  dilute  nitric  or  hydro- 
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chloric  acids.  Baric  nitrate  ia  precipilated  from  its  aqueous 
eolulion  by  strong  uiiric  or  hydrocliloric  acid  in  consequence  of 
its  sparing  solubility  in  these  reagents.  They  may  also  be  pre- 
pared from  the  native  sulphates,  aa  U  illustrated  by  the  follow- 


1316] 
(5rS  +  2HCI  +  A<i)  =  {SrCl,  -\-  Ag)  +  13,3. 

An  intimate  mixture  of  the  powdered  sulphate  with  some  car- 
bonaceous materia!  is  first  intensely  heated  in  a  crucible.  The 
resuliing  product  ia  then  eshausted  with  w;iter,  and  the  solution 
treated  wiih  hydrochloric  or  nilric  (Wjid  as  required. 

292.  Strontic  and  Baric  Hydraitu  may  also  be  prepared 
from  the  soluliou  of  the  sulphides,  obtained  as  above,  by  the 


GuS -\- {Ba'-Ho^-\- Aq).  [317] 

The  relative  whibility  of  ihe  hydmtes  follows  the  inverse  order 
of  that  of  the  other  salt',  baric  hydrate  being  much  the  most  sol- 
uble and  dissolving  in  twenty  parts  of  water. 

293.  Strnntic  and  Baric  Oxides  may  be  readily  obtained  by 
igniting  the  nitrates.  They  slake  when  mixed  with  water,  like 
quick-lime. 

294.  Strontic  atid  Baric  Peroxides  are  prepared  by  healing 
the  oxides  in  an  atmosphere  of  oxygen  gas.  They  are  more 
stable  than  cak»c  peroxide,  and  baric  peroxide  is  an  imporLaut 

295.  Characteristic  Eeactiom.  —  Calcium,  strontium,  and 
barium  are  all  precipilated  from  their  solutions  by  alkaline  car- 
bonates and  by  oxalic  acid.  They  may  be  distinguished  from 
each  other  by  the  relative  solubility  of  their  sulphates,'  and  by 
the  colors  of  their  flames,  which  show  characteristic  hands  with 
the  spectroscope.  The  compounds  of  strondom  impart  lo  a 
colorless  flame  a  brilliant  crimson  color,  and  tlwse  of  barium  a. 


'  Calcic  sulphste  gives  an  instantaneons  precipitatB  [n  solntions  of  bBrium 
saltB,  whila  in  tliose  of  stroutium  the  precipiUle  only  forms  aftar  a  perceptible 
Interval  of  tims. 
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yellowUb  creen.  Hence  they  are  much  used  by  makers  of  fire- 
works. The  soluble  salta  of  barium  are  important  regents  in 
the  laboratory,  and  botli  the  native  and  the  artificial  sulphate 
furnish  an  important  white  paint. 

296.  LEAD.  Ph  =  207.  Bivalent  or  quadrivalent.  One 
of  the  more  abundant  metallic  eleoitints,  found  chiefly  in  mineral 
veins.  Pi'incipal  ore  is  Galena,  PbS.  There  is  also  a  native 
Plumbic  Carbonate  called  Cerusile  {PbOO^  Sp.  Gr.  6.4S), 
isoraorphous  with  Aragonite,  and  a  native  Plumbic  Sulphate 
called  Anglesite  {PbSO„  Sp.  Gr.  G.30),  iaomorplious  wiiU  an- 
hydrite. 

297.  MetaaicLead.  Pif  —  Sp.  Gr.  11.30.  Melting-point, 
325°.  So  soft  that  it  can  be  moulded  by  prossui-e.  Obtained, 
1st.  By  alternately  roasting  and  melting  the  galena  in  a  rever- 
beratory  furnace. 

Roasting  stage, 

3P/>S -{-30-0===  PbS -^2PbO-\'2^®„  or 
2P!'S-\-  20^0  =  PbS  +  PbS 0,;  <-       -^ 


Melting  stage,  PbS -\- 2PbO  =  SPb -\-^®^. 


[319] 


PbS^  PbSOt  =  2Pb  +  2g®j. 

2d.     By  smelting  the  galena  with  Bcrap-iron  in  a  blast-furnace, 

PbS  -\-  Fe  =  FcS  -{-  Pb.  [320] 

PracliciJIy,  cowever,  both  processes  are  fiir  more  ramplex  thp,.i 
the  reactions  would  indicate.  The  ore  is  in  all  cases  mixed  with 
gangue,  which  cay  only  be  melted  with  the  aid  of  some  flux, 
and  the  slags  thus  formed  contain  a  lai^e  amount  of  metal  and 
must  he  smelted  again. 

Lead  dissolves  readily  in  dilute  nitric  acid,  hut  is  not  acted 
on,  or  only  very  slightly,  by  either  hydrochloric  or  sulpliu'-io 
acids,  unless  concentrated  and  boiling.  Employed  in  number- 
less ways  in  tlie  arts,  both  pure  and  alloyed,  with  other  metals. 
Type-metal,  britannia-metal,  and  solder  ai-e  among  the  most  im- 
portant of  its  alloys. 

298.  Plumbic  Oxide.  PhO.  —  Obtained  by  heating  h'ad  in  a 
cun-ent  of  air,  when,  if  the  heat  is  not  too  great,  a  yi;l!ow  pow- 
der is  obtained  called  Massicot.     At  a  heat  a  little  below  red- 
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ness  the  oxide  melCa  and  crystallizes  on  cooling  in  yellowisli 
red  scales  called  Litharge.  Largel/  used  in  tlie  arts  for  mak- 
ing flhit-glasa,  fbi"  glazing  earthenware,  and  for  preparing  vari- 
ous pikints  aud  lead  salts. 

299.  Ptumhic  Peroxide.  PbO^  ~  A  dark-brown  powder, 
very  useful  in  the  laboratory  as  an  oxidizing  agent.  The  bright 
red  powder  called  Minium,  obtained  by  still  further  roasting 
massicot  at  a  low  red  heat,  is  a  mixture  of  PliO^  and  P&O. 
There  ia  also  a  suboxide,  Pb^O. 

300.  PlumUc  Hydrate. — The  normal  hydrate,  Pfi^floj,  has 
never  been  obiained,  but  we  can  readily  form 

Diplumbic  Hydrate  {Ph-Q-PhyHo^, 

Triplumbic  Hydrate  {Pb-O-Ph-O-PhyHb^, 

by  the  following  reactions:  — 

2P6'(A'03),  +  {AK-Ho  +  Afj)  = 

{Pb-0-Pb)-m^  +(4ff-JV03+^,0  + Jj).  [321] 

(iPhO,y{CJ/,0,\-\-  2(N-ff,)-ffo  ^  Aq)  = 

iPi,0^-m^  +  {2{NH,y{CJhOi)  +  Aq).  [322] 

A  plumbic  hydrate  is  formed  by  the  aiamltaneous  action  of 
air  and  water  on  lead,  which  is  alightly  soluble ;  and  as  ail  lead 
Baits  are  poisonous,  and  even  in  minute  qnaniities,  if  the  dose  is 
otleQ  repeated,  may  be  injurious  to  health,  it  is  not  safe  to  use, 
for  drinking,  water  which  has  been  kept  in  cisterns  lined  with 
lead  or  drawn  tlirough  lead  pipes.  The  presence  of  nilrites, 
nitrates,  or  chlorides  greatly  increases  the  corrosive  action  of 
water  on  lead,  while  carbonates  and  sulphates  exert  a  preser- 
vative influence. 

301.  Plumbic  NitrnU.  PS'CiVOs)^.— Obtained  by  dissolving 
litharge  or  lead  in  dilute  nitric  acid.  Soluble  m  water,  but  in- 
soluble in  strong  nitric  acid. 

PbO-\-{2H-NO^J\-Aq)^{Pb-{NO^)^-\-H^O-irAq).  [323] 

&Pb  +  (Sff-NO,  +  A>j)  = 

{ZPb--{NO,\  +  AK/J-Jf-  Aq)  -f  2mS>.  [324] 

302.  Plumbic    Acclule    {Swjar   of  Lead).     Pb-{UJI,,0i)3 . 
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3^0.  —  The  mwit  !inpoi*tant  soluble  Bait  of  lead,  easily  ob- 
ttufled  by  diasolving  PbO  in  acetic  acid.  Lead  has  a  great 
tendency  to  furai  bttBie  Bolts  (38).  Henee  a  solulion  of  the 
neutnil  acetate  will  dissolve  a  lai^e  additional  quantity  of 
litharge. 

2PbO  +  {Pb-{CAO,),-^  Aq)  = 

{{Pb-0-Ph'0-Pby{OiH^O;)t-^  Aq).  [325] 

If  CO-i  is  now  passed  thi-ough  this  solution,  Ihe  excess  of  PbO 
13  precipitated  as  carbonate.  Fl-esh  poi-tions  of  PbO  may  liien 
be  dissolved  and  the  process  repeated.  The  Jjlumbii;  carbonate, 
which  is  obtained  by  this  and  other  analogous  methods,  is  very 
much  used  as  a  white  paint  under  the  name  of  white  lead.  The 
products  of  the  different  processes  have  not,  however,  the  same 
compositioD,  but  are  mixtures  of  the  carbonate  and  hydrate  in 
varying  proportions. 

303.  Plumbic  Sulphaie,  PbSO„  is  obtmned  as  a  white  pre- 
dpitale  on  adding  sulphuric  acid  or  a  solabie  salphate  to  a  solu- 
tion of  a  salt  of  lead  It  lo  practically  insoluble  in  pure  water 
and  dil  tte  sulphuiic  acid 

304:  PlumhK  Pkosphati  is  found  iii  nature  in  the  mineral 
Pj  romorphite,  which  H  i  omorphous  with  apatite  and  has  an 
analog )us  consiituiion  {Pbfil) \^ 0MPO)s-  'i^e  mineral  Mim- 
etine  is  Ihe  CMresponding  isoraorphous  arseuiate.  A  melted 
globule  of  plumbic  phosphate  assumes  on  cooling  a  peculiar 
radiated  crystail  ne  --tructure,  which  is  very  characterisiic. 

3[K)  Plumfnc  Chloride,  PbCl^  may  be  obtained  as  a  white 
crystalline  powder  by  the  reactions 

PhO  +  (2HGI  +  Aq)  =  MGl,  +  (If^O  +  Aq),  [32C] 

iPb(NO,)^  +  2HCi  +  Aq)  = 

PbCk  +  (SffiVOa  +  Aq).  [327] 

It  is  only  very  slightly  soluble  in  cold  wafer,  but  in  boiling 
water  dissolves  quite  readily^ 

306.  Plumbates.  —  Caustic  alkalies  dissolve  Pb  0  very  freely, 
forming  salts  in  which  the  lead  plays  the  part  of  a  negative 
radical.  Henc*  the  precipitate  formed  in  reaction  [321]  dis- 
solves in  an  excess  of  the  reagent,  and  a  solution  of  PbO  in 
lime-water  is  used  as  a  hair-dye. 
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307.  Oharaeteriilio  EeacHam.  - —  The  lend  eonipoimiis,  in 
many  of  their  reactions,  are  closely  allied  lo  the  campounils  of 
the  first  three  elements  of  this  gi-oup.  For  example,  the  sol- 
uble sails  give  precipitates  with  the  alkaline  carbonates  and 
with  oxalic  acid.  But  in  other  reuetiMis  there  are  marked  dif: 
ferences.  Thus,  1.  A  slrip  of  melallic  zinc  t^I^ed  ia  a  solution 
of  plumbic  acetate  precipitates  all  the  lead. 

Pi+(^«^(C,ff3<3,),  +  4?).  [328] 

2.  Sulphuretted  hydrogen  giis  passed  through  either  an  acid  or 
an  alkaline  tolutiou  of'  a  salt  of  lead  gives  a  black  precipitate  of 
plumbic  sulphide. 

(Pb-OU  +  ff3S-\-  Aq)  ^  n3+  (2Ha  +  Aq).  [329] 

When  the  solution  is  acidified  wilh  hydrochloric  acid,  the  pre- 
cipitate is  first  red,  owing  to  the  formation  of  {PbS-PbyQI^ 
but  this  is  soon  converted  into  the  black  sulphide.  3.  Heated 
on  charcoal  before  the  blow-pipe,  with  reducing  fluxes,  the 
compounds  of  lead  yield  a  soft,  malleable  bead  of  metal,  and  the 
charcoal  immediately  around  the  bead  is  ai  the  eame  time 
coated  with  an  incrustation  of  oxide  which  is  orange -colored 
while  hot,  but  becomes  lemon-yellow  when  cold.  By  these 
reactions  lead  is  easily  d'Minguished  from  calcium,  strontium, 
and  barium.  Indeed,  the  distinction  is  so  tnarked,  that,  al- 
though the  resemblances  are  very  striking;,  it  may  be  doubted 
whether  lead  belongs  to  the  same  chemical  series. 


Reactions  and  Problems. 

1.  Calcite  and  Ar3f;oTiite  are  both  not  unfreqiiently  found  in  acic- 
ular  crystals.     IIow  may  they  be  distinguished  ? 

2.  Coinpare  the  molecular  volumes  of  C^lcite  and  Aragonite. 

5.   By  igniting  1 00  parts  of  pure  c^lcie  oarbonate,  Dumas  obtained 
exactly  d6  parta  of  lime.     What  is  tha  a^R'c  weight  of  ca)i:ium'? 
Aj\s.  40. 
4.  Wbat  ossumptieue  are  made  in  the  last  prdilem  ?    (19,) 
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5,  How  much  CaO  can  be  obtained  from  100  kilogrammes  of  pore 
limestone?     How  much  Ca=IIo^  will  this  amount  yield? 

Ans,  56  kiios.  and  74  kilos. 

6,  How  much  limestone  must  be  burnt  to  yield  SCO  kilos,  of  quick- 
lime? How  many  cubic  metres  of  CO,  would  be  set  free  in  the 
process?  Ans.   1,000  kilos,  and  223.1  m.° 

7,  111  one  cubic  metre  of  limestone  assumed  to  be  pure  calcic  car- 
bonate, Sp.  Gr.  2.72,  how  many  cubic  metres  of  CO,  are  condensed  ? 

Ans.  GOJ.l  m.^ 
n  of  boilers  by  calcic  car- 

9.  Lime-water  b  used  to  purify  hard  water.    Explain  the  reaction. 

10.  A  bed  of  limestone,  Sp.  Gr.  =  2.7S,  and  100  metres  thick, 
would  make  a  bed  of  anthracite  coal  of  what  thickness?  Assume 
that  the  Sp.  Gr.  of  anthracite  is  1.8,  and  that  it  contains  DO  percent 
of  carbon.  Ans.  20,37  melres. 

11.  In  order  to  precipitate  lime  as  completely  as  possible  with 
ammonic  carbonate,  ic  ts  important  to  avoid  an  excess  of  ammonia 
salts,  and  to  warm  the  liquid,  but  not  to  boil  it.  Give  the  reasons 
for  these  precautions.  Also  analyze  reactions  [311  and  the  reverse], 
and  state  the  principle  under  which  they  may  be  brougbli 

12.  One  cubic  decimetre  of  quick-lime,  Sp.  Gr.  3.18,  will  absorb 
how  many  cubic  decimetres  of  water?  How  many  units  of  heat  will 
be  evolved  by  the  change  of  state  which  the  wattr  undergoe.'? 

Ans.  1.022  ars;' 

13.  In  burning 'quick -11  me  it  is  found  that  the  process  succeeds 
beet  in  damp  weather,  and  is  facilitated  by  injecting  steam  into  the 
kiln.     Why  should  you  infer  that  this  would  be  the  case  ?     (58.) 

\i.   Give  an  explanation  of  the  hardening  and  adhesion  of  mortars 

15.  Whenmilkof  lime  isspreadoT 
washing,  what  compound  is  formed  o 

16.  How  many  cubic  metres  of  CO,  can  be  absorbed  by  a  quan- 
tity of  milk  of  lime,  containing  112  kilos,  of  lime  {CaO)  ? 

1 7.  When  lime-water  is  shaken  up  with  CO,  it  is  rendered  turbid. 
How  do  you  explain  the  reaction,  and  to  what  application  of  lime- 
water  in  the  laboratory  does  it  point? 

18.  In  order  to  render  ]00  kilos,  of  sal  soda  caustic  haw  much 
quick-lime  must  be  used ?     [07.]  Ana.  52.83  kilos. 

19.  How  many  litres  of  chlorine  gaa  would  be  absorbed  by  100 
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kilos,  of  lime  (CaO)  first  reduced  to  hj-drate,  and  how  much  3IiiO, 
must  be  used  to  yield  the  requisite  amount? 

Ans.  in  part,  39.85  litres  ofelilorine. 

20.  Blcacbing  salts  hase  been  regarded  as  a  mixture  of  ealcie 
chloride  with  calcic  hypochlorite.  How  would  you  write  the  symbol 
on  this  theory  ? 

21.  Eepresent  by  graphic  symbols  CaCO^  CaO^,  CaOCl^ 

22.  The  percentage  composition  of  gypsum  is  calcium,  23. 2G ;  sul- 
phur, 18.61  i  oxygen,  37.21 ;  wat*r,  20.92.     Calculate  the  symbol. 

23.  Is  the  incrustation  of  steam-boilers  by  insoluble  calcic  sulphate 
due  to  the  same  cause  as  the  incrustation  of  salt-pana  by  gypsum  ? 
Explain  the  difference. 

24.  If  the  calcium  contained  in  one  cubic  decimetre  of  anhydrite 
could  be  replaced  by  H^,  what  would  be  the  volume  of  the  product 
formed  1 

25.  If  a  concentrated  solution  of  sodic  sulpbate  is  mixed  with  a 
concentrated  solution  of  calcic  chloride,  the  whole  mass  becomes 
solid.  Write  the  reaction,  and  oiplain  what  becomes  of  the  water 
of  solution. 

Ans.  (No,SO,  +  CaCl,  +  211^0)  =  2NaCl  +  CaSO^ .  2H,0. 

26.  How  could  you  detect  the  presence  of  sulphuric  acid  and  limo 
in  a  solution  of  gypsum?     Write  the  reactions 

27.  Eepresent  the  constitution  of  apatite  by  a  graphic  symbol. 

28.  How  may  you  regard  apatite  as  derived  from  calcic  hydrate? 
What  important  part  does  fluorine  play  in  the  compound  V  Does 
not  the  presence  of  such  a  univalent  element  in  this  compound  fur- 
nish an  argument  in  favor  of  the  diatomicity  of  calcium? 

29.  How  much  hydrochloric  acid,  Sp,  Gr.  I.I,  will  be  required  to 
dissolve  50  grammes  of  chalk,  and  how  many  litres  of  ©S),  could  be 
thus  obtained? 

Ans.  173  grammes  of  acid  and  11. IS  litres  of  CO,. 

SO.  By  what  single  reaction  could  you  change  S  solution  of  calcic 
nitrate  into  a  solution  of  nitre? 


32.  Compare  the  molecular  volumes  of  the  native  carbonates  of 
strontium,  barium,  and  lead  with  those  of  Aragonite  and  Calcite. 

S3.  Write  tlie  reactions  by  which  strontic  and  baric  sulphates  may 
be  prepared  from  the  corresponding  nitrates  or  chlorides. 

34.   Analyze  the  reactions  by  which  Hie  chlorides  and  nitrates  of 
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Q  and  barium  mav  be  prepared  from  the  eorreapomling  sul- 
phates, and  show  why  such  a  cireuitous  method  ia  necessary. 

35.  Compare  the  molecular  volume  of  the  sulphates  of  this  group 
with  that  of  the  corresponding  carbonates. 

3G.  How  may  solations  of  ealeic  and  strontio  sulphates  he  used 
to  detect  barium  and  strontium,  even  if  mixed  together  in  thu  same 
solution  ? 

37.  Knowing  that  sulphuric  acid  if  in  excess  will  completely  pre- 
cipitate barium  and  strontium,  how  can  you  detect  the  presence  of 
lime  ia  a  solution  containing  all  three? 

S3.  On  what  does  the  ufe  of  the  salts  of  barium  as  tests  for  sul- 
phuric acid  depend  7 

39.  To  how  much  SO,  do  0.932  grammes  of  baric  ralphafe  coi^ 
respond?  Ana.  0.320 grammes. 

40.  A  quantify  of  Withcrite  weighing  0.591  grammes  was  dissolved 
in  hydrochloric  acid  and  precipitated  with  sulphuric  ac-id.  llie  pre- 
cipitate when  washed,  dried,  and  ignited  weighed  0.G99  grammes. 
What  per  cent  of  barium  does  the  mineral  contain  ? 

Ans.  60.37  per  cent. 

41.  Baric  and  slrontic  carbonates  are  not,  like  calcic  carbonates, 
easily  decomposed  when  heated  in  the  air,  but  readily  give  oft'  CQ, 
if  heated  in  an  atmosphere  of  hydr<^n.  How  do  you  explain  these 
facts?  and  do  they  confirm  or  otherwise  your  answer  to  question  13? 

42.  What  is  the  percentage  of  lead  in  the  three  minerals  Angle- 
site,  Cerusite,  and  Galena  ?  Ans.  6S.32,  Tr.^-l,  eG.G2. 

43.  Analyze  reactions  [31 8 -S20]  and  state  the  general  theory  of 
the  smelting  process,  including  the  removal  of  the  gangue  and  the 
reduction  of  the  ore. 


45.  How  many  kilos,  of  litharge  can  be  obtained  from  37.1  kilos, 
of  lead,  and  what  volume  of  oxygen  gas  would  he  absorbed  in  the 
process?  Ans.  30. 9G  kilos,  ami  2  in,' 

46.  Represent  the  plumbic  oxides  and  hydrates  by  graphic  sym- 
bols, and  show  how  the  basic  hydrates  are  related  to  the  assumed 
normal  hydrate. 

47.  The  action  of  nitric  acid  on  lead  depends  on  the  degree  of 
concentration  and  on  the  temperature.  Write  the  reaction  assuming 
that  Nfi  is  formed. 
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49.  How  nrach  litharge  will  a  solution  containing  H.S7  kilos,  of 
Bngar  of  lead  dissolve,  asauiuing  that  triplumbii;  acetate  is  the  product 
formed?  Ans.  13.17  kilos.  P60. 

50.  Write  the  reaction  of  CO^  on  a  solution  of  basic  acetate  of 

Bl.  How  may  the  basic  acetates  be  regaixled  as  derived  from  the 
normal  hydratea  ? 

52.  Write  the  reaction  of  dilute  Eulphuric  acid  on  a  solviljon  of 
plutubjc  nitrate. 

63.  Represent  the  constitution  of  pyromorpLite  and  aimetcne  by 
graphic  sjiiibols. 

54.   What  ia  the  derivation  of  the  name  pyromorphite  ? 

65.  Will  the  whole  of  the  lead  be  precipitated  from  its  solution  in 
acetic  acid  by  an  excess  of  HCl  -\-  Aq  f 

56.  By  what  reagent  may  you  precipitate  the  whole  of  the  lead 
from  a  solution  of  one  of  ita  salts? 

57.  Why  should  a  solution  a( PbO  in  lime-water  blacken  the  hair 
or  any  other  organic  material  containing  sulphur  ? 

68.   How  could  you  detect  the  presence  of  lead  in  water? 

59.  From  a  solution  containing  all  the  members  of  lliis  group,  how 
could  you  separate  the  whole  of  the  lead  ? 

60.  The  solubility  of  the  compounds  of  the  elements  of  this  group 
diminifhes,  as  a  general  rule,  in  proportion  as  the  atomic  weight  of 
the  metallic  radical  increases.  Does  this  fact  conform  to  the  law 
which  generally  obtains  in  chemical  series  in  regard  to  the  chemical 
enei^  of  the  diflerenC  members  ? 
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3 1 0.  Magnesic  Oride  (  Calcined  Magnesia),  Mg  0,  is  obtained 
when  the  metal  is  burnt  in  air.  It  can  also  be  obtained  by  cal- 
cining the  carbonate  or  the  nitrate.  It  is  a  bulky  white  powder, 
wholly  infusible,  and  emitting  a  bright  while  light  when  heat«d 
before  the  blow-pipe.  Intensely  heated,  it  appears  to  Tolatilize 
unchanged.  When  mixed  with  water  it  slowly  unites  wiih  it 
to  form  a  hydrate.  The  onide  obtained  by  calcining  ihe  nitrate 
13  much  denser  than  that  made  from  (he  carbonate,  and  possesses 
remarkable  hydraulic  qualities.  When  miied  with  water,  it 
soon  sets  forming  a  hard  compact  mass  resembling  marble.  If 
the  oxide  is  healed  to  a  very  high  temperature,  it  loses  its  power 
of  uniting  wiih  water,and  dissolves  only  slowly  even  in  the  strong- 
est acids.  Crystallized  Mg  0  (Figs.  5  to  7),  Periclase,  has  been 
found  in  small  grains  imbedded  in  a  limestone  rock  ejected  from 
Vesuvius,  but  otherwise  it  does  not  occur  uncombined  in  nature. 

311.  Magnesia  Hydrate,  Mg^O^^Hi,  is  found  native,  crystal- 
lized in  large  hexagonal  plates  (76),  Briicite.  It  can  be  read- 
ily formed  artificially  as  above,  also  by  adding  caustic  potassa, 
soda,  or  baryta  to  the  solution  of  any  of  its  salts.  It  is  hut 
very  slightly  soluble  in  water,  yet  sufficiently  lo  give  a  distinct 
alkaline  reaction  (39).  It  absorbs  GO^  slowly  from  the  air,  but 
much  more  slowly  than  calcic  hydrate. 
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312.  Magtiesic  Carbonate.  Mff--0./CO.  Sp.  Gr.  SMG.— 
The  mineral  Magne*ile  isomorphous  wilh  CalcJte.  Insoluble 
in  pure  water,  but  in  carlouc  acd  water  more  soluble  tl  ■in 
calcic  carbouHte.  Tli  a  bolut  on  s  mu  h  ed  as  a  med  c  ne 
(liquid  magne.'iy).  If  e  posed  to  ihe  a  r  tl  e  n  agues  c  car 
bonate  slowly  sepante  n  crjBt'»ll  e  flake,  on  j  g  three 
atoms  of  water.  Anl  ydrous  nagne  o  crboniei  o  reilly 
oblaineil  artificially.  T  e  pre  p  ta  e  obt  neJ  on  add  ng  to  a 
boiling  folutiou  of  a  mg  e  a  alt  od  c  arbo  at,  a  a  n  xtu  e 
of  magne-ie  carbona  e  ind  ma^  (,  c  1  yd  ate  \ai-able  pro 
portions  (Maguesia  Alba)  Tl  e  product  1  owcver  appea  to 
be  rather  a  mixture  of  several  definite  compounds  of  these  two 
salts ;  and  a  crystalline  mineral  is  known  called  H  jdromagnesite, 
which  has  the  formula  ff^McffiM .  2//jO  or 

Magnesic  carbonate  is  found  united  with  calcic  carbonate  in 
the  mineral  Dobmite  {Sp.  Gr.  2.9).  This  is  by  far  the  most 
abundant  native  compound  of  magnesium,  and  forms  in  many 
localities  extensive  beds  of  rocks.  It  occurs  in  large  and  well- 
defined  crystals  which  are  isomorphous  with  calcite  and  magne- 
site  (Fig.  16).  The  mineral  is  somewhat  variable  in  iia  com- 
position, and  may  either  be  regarded  as  an  isomorphous  mixture 
of  the^e  two  substances,  or  else  as  a  definite  compound  mixed 
with  an  excess  of  one  or  the  other  of  its  constituents. 

MgCOs-\-  CaCOs      or      Mgo--{C-'0^'Oy-Cao, 

"When  calcined  at  not  loo  high  a  temperature,  llie  magnesic  car- 
bonate is  alone  decomposed,  and  a  product  obtained  which  forma 
an  excellent  hydraulic  cement.  From  the  calcined  mass  the 
magnesia  can  be  dissolved  out  by  carbonic  acid  water  and  freed 
from  the  lime.     In  this  way  pure  magnesic  carbonate  is  pre- 

313.  Magnesic  Sulpkafe  {Epsom  Salt).  MgS0^.7HiO.— 
The  most  important  soluble  salt  of  magnesia.  Obtained  from 
the  bittern  of  sea-water,  or  by  treating  the  native  carbonates  or 
Dolomite  with  sulphuric  acid.  It  is  a  very  common  ingredient 
of  mineral  waters,  like  those  of  Epsom,  and  is  formed  when 
water  saturated  with  gypsum  RIters  through  IDolomitic  rocks. 
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The  salt,  with  sevep  molecules  of  water,  is  Jimorphous,  crystal- 
lizing both  in  orthorliombic  fonus  isomorpbous  with  ZnSOi  . 
7H0,  and  in  monoclinic  forms  isomorplious  wiih  FeSO^ .  7H0. 
It  may  aUo  be  obtained  crystallized  with  1,  3,  3, ....  12  mole- 
cules of  water  under  regulated  conditions,  cliiefly  of  temperature. 
The  compound  Mc/SOt .  ff^O  (Kieaerile)  is  found  in  the  Slass- 
furt  salt-bed^.  Epsom  salt  is  reduced  to  the  fame  composition 
when  healed  to  150°,  but  the  last  molecule  of  water  is  rtlained 
even  at  200°,  and  this  leads  us  to  believe  that  it-  forms  a  part 
of  the  molecule  of  the  salt,  whose  formula  would  iheii  be  v:t\X~ 
ten,  Mgo^SO^HOf  This  opinion  is  confirmed  by  finding  that 
this  molecule  of  water  may  be  replaced  by  (he  molecule  of  an 
alkaline  sulphate,  forming  a  double  salt,  which  crystallizes  with 
GH.^0  in  the  same  form  as  magoesic  sulphate  with  IH^O.  The 
symbol  of  the  potash  salt  is 

Mgo'{SO'0  OS)  Ro^.&H^O. 

Epsom  salt  dissolves  m  about  three  times  its  weight  of  cold 
water.  It  is  a  valuable  medicme,  but,  like  all  the  soluble  salts 
of  magnesium,  it  lias  a  hitler,  di".ga8ting  taste. 

814.  Magnetic  Sihcaies  — The  well-known  minerals,  Ser- 
pentine, Talc  (Soap-Slone),  and  Chrysolile  (Olivine),  are  ea- 
sentially  magncfic  silicates;  and  in  many  other  native  silicafes, 
including  the  Hornblendes,  Augites,  Chloriies,  and  some  vari- 
eties of  Mica,  magnesium  i^  one  of  the  principal  busie  radicals. 

315.  Magntsic  Chloride.  MgCI^.  —  Found  dissolved  in  sea- 
water,  and  ihe  cause  of  its  bitter  taste.  Obtained  by  dissolving 
magnesic  carbonate  in  hydrochloric  acid,  and  evaporating  in  an 
atmosphere  of  hydrochloric  acid  {jas.  If  evaporated  in  (he  air, 
the  salt  is  partially  decomposed.  Very  fusible.  Used  for  making 
magnesium.     Forms  double  salts  with  alkaline  chlorides  (134). 

316.  Characteristic  Reactions.  —  Magnesium,  although 
closely  related  to  caldum,  is  distinguished  from  the  alkahne 
earths  by  the  great  solubility  of  its  sulphate,  also  by  its  ten- 
dency to  form  soluble  double  salts  with  ammonium,  in  conse- 
quence of  which  no  precipitate  is  formed  in  solutions  of  its  salts 
either  by  ammonia  or  aramonic  carbonate,  when  sufficient  excess 
of  some  ammonia  salt  is  present.  The  ammonic  magnesian 
phosphate,  however,  (NH,\.MgilO„lPiO^ .  l^H^O  is  insoluble, 
and  is  formed  whenever  sodic  phosphate  is  added  to  an  am- 
moniacal  solution  of  a  magnesium  salt.  This  reaction  furnishes 
the  most  tielicate  (est  for  magnesium  salts. 
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317.  ZINC.  Z/j  =  65.2.— Dyad.  One  of  the  more  abun- 
dant metallic  elements.     The  priQcipal  ores  are 

Red  oxide  of  Zinc'  ZnO  HexagDnal, 

Blende  ZiiS  I^omctl■ic, 

Smilhsonlte  Zao--QO  Hexagonal, 

Calamine  Zno^Si .  ^H^O  Tnmetric, 

The  ores  are  reduced  by  fi]-st  roasting  or  calcining  unlil  the 
melal  is  in  ihe  condition  of  an  oxide,  and  then  dioiilling  with 
a  mixture  of  coal  in  earthen  retorts  or  muffles. 

318.  MetaUic  Zinc.  Zn.  —  Sp.  Gr.  6.8  to  7.2.  Fuses  at 
500°.  Boils  at  a  red  heat.  The  polished  surface  has  a  bright 
lustre,  with  a  bluish  tint,  but  soon  (ami^ties  in  moist  air.  Has 
a  eiyslalline  structure,  but,  although  brittle  bolh  at  a  high  and 
a  low  temperature,  it  may  readily  be  rolled  out  into  sheels  at  a 
temperature  of  about  140°.  Sheet-zinc  is  nearly  as  cheap  as 
sheet-iron  ;  and  since  it  does  not  rust,  or  at  most  only  very  su- 
perficially, it  is  preferable  for  many  purposes.  Iron,  however, 
is  a  much  stronger  metal,  and  is  fi-equenlly  coated  with  zinc  to 
protect  it  from  rusling.  It  is  then  said  to  be  galvanized.  Zioc 
readily  dissolves  in  dilute  adds  with  the  evolution  of  hydrogen, 
and  is  much  used  in  the  laboratory,  together  with  dilute  sul- 
phuric acid,  for  making  this  gas.  The  metal  is  first  granulated 
by  pouring  it,  when  melted,  into  water.  When  boiled  with  a 
solution  of  caustic  soda  or  potash,  it  also  dissolves  with  evolution 

Zn  +  (2-Kb-ir-l-  Aq)  =  {KofZn  +  Aq)  +  m-IS.  [3303 
It  is  used  as  the  electro-po*itive  metal  in  the  gah'anic  battery. 

319.  Zineie  Oxide,  ZnO,  which  is  made  in  large  quantities 
by  burning  zinc  vapor  at  Ihe  mouth  of  the  reduction  furnaces, 
is  a  very  light  white  powder,  much  used,  when  mixed  with  oil, 
as  a  white  paint.  A  denser  oxide  is  obtained  by  calcining 
zineie  nit  rate. 

320.  Zineie  Hydrate,  Zn^Ho^,  is  formed  by  the  reaction 
{ZnSO,  +  ^K-Ho  +  Aq)  =  Zn-Ho^^  {K^SO^-\- Aq),   [331] 
but  is  soluble  in  an  excess  of  reagent. 

1  The  color  is  due  to  tie  preseaoe  of  a  small  amount  of  manganese. 
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321.  Zininc  Carbonate,  ZnCO^.  is  isomorphou*  wilh  magne- 
eite  and  calcite.  When  prepared  by  precipilution,  a  mixture  of 
hydrate  nnd  carbonate  is  formed,  as  in  (312), 

322.  ZincicSuIphaU  (While  Vitrivl).  ZnS0,.7H^0.—Yery 
soluble  salt,  isomorphous  with  Epsom  salt,  wliitli  it  closely  re- 
sembles ill  most  of  it?  chemical  relations,  forming  similar  double 
salts.     Preparation  as  in  [04].     Used  in  pliarmacy. 

323.  Zittcic  Chloride.  iTrtCTj. —  A  solution  of  zinc  in  bydro- 
chloric  acid  can  be  concentrated  by  evaporation  without  decom- 
position. All  the  water  is  not  driven  off  until  the  temperature 
reaches  250°.  The  result  is  a  thick  syrup,  which  forms,  on 
eooiing,  a  white,  deliquescent  solid,  melting  at  100°,  called  by 
the  alchemists  Buiter  of  Zinc.  It  has  an  intense  affinity  for 
water,'and  by  its  aid  tlie  elements  of  waler  may  frequently  be 
removed  from  a  chemical  compound  without  producing  any 
further  change.  Thus,  alcohol  may  be  converted  by  it  into 
ether  or  ethelyne.     According  to  ilie  proportions  used,  we  have 

CJIfi—Bfi  =  C,I{^    or    2Ci-ff„0— ^,0=2a-fl;0.  [332] 

For  the  same  reason  it  acts  as  a  cautery  on  the  skin.  It  is 
also  used  in  solution  as  an  antiseptic  and  disinfecting  agent. 

32i.  Zinc  and  the  Alcohol  Radicals.  —  Zinc  Methide, 
Zn'{CHs)s-  Zinc Eihide,^ft={ Cjff,)t;  Zinc  Amylide,2«-(Gj^i)2- 
Observed  Sp-  (St-  of  vapor,  8.29,  4.26,  and  6.95  reppectively. 
Obtained  both  by  heating  zinc  with  the  iodides  of  methyl,  ethyl, 
or  amyl  in  sealed  tubes,  and  by  the  action  of  Kinc  on  the  mer- 
cury compounds  of  the  same  radicals.  They  are  all  three 
colorless,  transparent,  strongly  refracting,  and  mobile  liquids. 
Tliey  are  also  volatile,  boiUng  at  the  temperatures  of  4C°,  118°, 
and  220°  respectively.  They  are,  likewise,  highly  inflammable, 
and  the  first  two  take  fire  spontaneously  in  the  air.  As  these 
compounds  do  not,  as  a  whole,  combine  wilh  any  of  the  ele- 
mentsj  their  molecules  are  evidenlly  saturated,  and  they  are 
interesting  as  fixing  beyond  all  doubt  the  atomic  relations  of 
zinc.  Moreover,  they  are  useful  reagents  iit  many  processes 
of  organic  chemistry. 

S25.  Characteristic  Reactions.  —  Zinc,  like  magnesium, 
forms  soluble  double  salts  with  ammonia,  but  it  is  easily  distin- 
guished by  the  fact  that  its  sulphide  is  insoluble,  not  only  in 
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solutions  of  the  fixed  alkalies,  but  nlso  in  those  of  ammonia  and 
ita  salts.  Hence  it  is  precipiiated  from  all  alkaline  solutions  by 
sulphurelled  hydrogen.  The  sulphide  thus  oblHined  is  a  white 
precipitate,  soluble  in  dilute  mineral  acids,  but  insoluble  in 

326.  INDIUM.  In  =  72.  Sp.  Gr.  7.42.  CADMIUM. 
frf ::;:;:  112.  Sp.  Gr.  8.69.  — Dyads.  Two  rare  metallic  ele- 
ments associated  with  zinc.  Indiuiti  only  in  cxceedinirly  mi' 
nute  quantities,  and  at  very  few  localities.  Cadmium  far  more 
genei'ally,  and  in  much  larger  amounts.  Indium  is  less  vola- 
tile, and  cadmium  more  volatile,  than  zinc,  and  hence  in  distill- 
ing zinc  from  its  ores  the  cadmium  is  found  in  the  "  zinc  dust" 
wiiich  is  collected  in  the  early  stage  of  the  process,  while  the 
indium  comes  gver  later  with  ihe  great  mass  of  the  zinc,  tvilli 
which  it  remains  alloyed.  With  sufficient  differences  to  mark 
their  individuality,  ihese  metals  resemble  zinc  in  almost  every 
particular.  They  form  similar  o&idcs  and  hydrates,  similar  sol- 
uble salts  with  hydrochloric,  nitric,  and  sulphuric  acids,  similar 
soluble  compounds  with  ammonia  salts,  similar  light-colored  sul- 
phides insoluble  in  alkaline  solutions  and  acetic  add.  Cadmi- 
um differs  from  the  others  in  this  respect,  that  its  hydi'ate  is 
insoluble  in  caustic  soda  or  potash,  its  basic  carbonate  insoluble 
in  excess  of  ammonic  carbonate,  and  its  yellow  sulphide  insola- 
ble  in  dilute  mineral  acids.  This  sulphide  is  found  in  nature, 
and  the  mineral  is  called  Greenockiie.  Zinc  precipitates  cad- 
mium from  solutions  of  its  salts,  and  both  zinc  and  cadmium 
precipitate  indium.  Indium  and  cadmium  are  more  fusible  than 
zinc,  and  form  very  fusible  alloys.  Indium  mells  at  176°,  cad- 
mium at  242°,  and  an  alloy  of  cadmium  with  lead,  tin,  and  bis- 
muth has  been  made  which  melts  at  60°,  Cadmium  boils  at 
860°,  and  (he  Sp.  Gr.  of  ita  vapor  has  been  found  by  obser- 
vation to  be  56.85.  Indium  and  cadmium  burn  when  heated 
before  the  blow-pipe,  the  first  yielding  a  yellow,  and  the  last 
a  brown  oxide,  very  unlike  the  white  oxide  of  zinc.  Although 
Eo  closely  allied  to  magnesium  and  zinc,  these  associated  ele- 
ments probably  belong  to  a  different  although  parallel  series,- 
and  Ihe  relation  between  the  atomic  weights  of  the  four  ele- 
ments is  in  harmony  with  this  view.  All  these  four  metals 
show  very  characteristic  bands  with  (he  spectroscope,  and  in- 
dium was  first  discovered  by  the  weil-marked  iadigo-blue  band, 
from  which  it  takes  its  iiame. 
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Questions  and  Problems. 

1,  Write  the  reaction  of  sodium  on  magnesic  chloride. 

2,  When  wat«r  is  decomposed  by  magnesium,  what  are  the  prod- 
ucts?    Write  the  reaction,     [43,] 

5.  How  do  you  account  for  the  intense  brilliancy  of  the  light 
emitted  by  burning  magnesium  ?     (05.) 

4.   Write  the  reaction  of  water  on  calcined  magnesia.     [45.] 
fi.   Write  the  reaction  of  solution  of  caustic  so<ta  on  solution  of 
magnesic  chloride, 

Ans,  (jV^a,  -I-  2!^aRo  -\-  Aq)  =  MgHo^  -|-  (2WaC;  +  Aq.) 

6.  BcpreeenC  the   compoaition   of   hydrom^nesite    by    graphic 
eymbola. 

7.  Represent,  graphically,  the  compound  radicals  Mgo,  Cao,  Zno, 
and  show  their  relations  to  hydroxyl. 

8.  Represent,  graphic^ly,  the  composition  of  Dolomite. 

9.  What  do  you  understand  by  the  term  ieomorphous  mixture  ? 


11.  The  symbol  of  magnesic  sulphate  may  be  ■written  MgSO^, 
or  Mg-0,'SO„  or  Mgo'SO^  What  different  idoaa  do  these  forms 
surest? 

12.  Write  the  reaction  of  snlphurie  acid  on  the  two  constituents 
of  dolomite,  and  show  how  pure  Epsom  salt  may  be  thus  prepared, 

13.  Write  the  reaction  of  a  solution  of  gyjMum  on  magnesic 
carbonate. 

14.  Represent  by  graphic  symbols  MgSO, .  H^O. 

l.'i.  Represent  by  grsphie  symbols  the  composition  of  potassic 
luf^neaic  sulphate,  and  expliun  the  relations  of  the  crystallized  salt 
to  Epsom  salt. 

15.  Write  the  reaction  of  hydrochloric  acid  on  magnesic  carbonate. 

17.  E.iplain  the  decomposition  whjoh  results  when  a  solution  of 
magnesic  chloride  is  evaporated  in  the  air,  and  why  an  atmosphere 
otHCl  should  prevent  the  change. 

18.  What  is  the  difference  between  the  relations  of  baric  and 
magnesic  carbonate  to  calcic  carbonate '/ 

Ans,  The  first  is  related  to  Aragonite,  the  second  to  Caleite. 

19.  What  is  the  difference  between  the  n 
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ate  on  solutions  of  calcic  and  magnesic  sails,  and  on  -what  does  tlii 
dilfKfenoe  depend?     Write  the  reactions  in  the  two  cases. 

20.  What  is  tbe  difference  between  the  reaction  of  ammonic  car 
bonate  on  the  same  .solutions  ? 

21.  Write  tbe  reaction  of  sodic  phosphate  on  a  solution  of  mag 
'c  cliloride. 


Ans.  iMgCl,  -f  NH,  +  H,Na^O^PO  +  Aq)  = 

(NHJ,IIIg^O,iPO  .  6H,0  +  (2jVoa  +  Aq.-) 
£2.   Write  the  reactions  nbeu  zinc  blende  and  Bmlthsonite  are 
calcined. 

Ans.   ZnCO,  =  ZnO  +  CO,,  and  2ZnS  +  3®<o)  = 

aZiiO  -\-  2S0r 
23.   Write  the  reaction  when  zincis  oxide  is  reduced. 

Ans.  ZnO  -j-  C  =  Sn  +  O®. 
,  and 

25.  What  part  does  zinc  play  in  reaction  [330]  ? 

26.  In  what  different  ways  may  the  symbol  of  zincic  hydrate  be 
written?  Ans.   Zn^OJf,,  Zn^Ho^  Zno^H^ 

27.  When  zincic  hydrate  dissolves  in  caustic  soda,  what  is  formed  ? 

28.  Write  the  reaction  of  sodic  carbonate  upon  a  solution  of  zincic 
sulphate,  assuming  that  three  molecules  of  zincic  hydrate  are  formed 
to  every  two  molecules  of  zincic  carbonate. 

Ans.  (pZnSO,  -}-  bNa^CO,  -\-  iHfi  +  Aq)  = 

2ZnCO,  +  3ZnMo,  +  {hNa^SO^  -f-  Ag)  +  3(3®,. 

29.  In  what  different  ways  may  the  symbol  of  zincic  sulphate  be 
written,  both  the  anhydrous  salt  and  the  salt  with  one  molecule  of 
water  ?     Represent  graphically. 

SO.  Write  the  symbol  of  potassic  zincic  sulphate.  What  is  the 
crystalline  f«rm  of  this  double  salt,  and  with  how  many  molecules  of 
water  does  it  crystallize  ? 

31.  Write  the  reaction  of  ammonic  sulphide  on  a  solution  of  zincic 
sol  ph  ate. 

Ans.  {ZnSO,  -\-  (NH;)^S  ^  Aq)  = 

ZnS  +  ((NH,),SO,  -f.  Aq). 

32.  Write  the  reaction  of  sulphuretted  hydr<^en  on  a  solution  of 

33.  Would  !"incic  sulphide  be  precipitated  tVom  a  solution  of  zincic 
chloride  containing  an  excess  of  hydrochloric  acid?  What  is  the 
difference  between  this  case  and  that  of  32?    (21.) 
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Cadmium. 

34.  Write  the  reaction  of  dilute  sulphuric  acid  on  cadmium. 

35.  Write  the  reaction  of  sodie  hydrate  on  solution  of  cadmic 
Bulphate. 

Sfi.   Write  the  reaction  of  zinc  on  eolution  of  indium  chloride. 

37.  Write  the  reaction  of  sulphuretted  hydrogen  en  solulion  of 
cadmic  chloride. 

38,  By  what  reactions  may  cadmium  be  separated  from  zinc  ? 
Ans.  By  metallic  zinc,  by  ammonic  carbonate,  and  by  sulphuret- 
ted hydrogen. 

89.   What  ia  the  electrical  order  of  magnesium,  zinc,  indium,  and 

40.  A^auming  that  the  atomic  weight  of  cadmium  is  112,  what  in- 
ference may  be  drawn  from  the  Sp.  Gf.  of  its  vapor  in  regard  to  the 
constitution  of  its  molecule  ?  Does  the  conclusion  have  any  bearing 
on  the  other  dyad  elements  ? 
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Divisions  VJII.  and  IX. 

327.  GLUCISUM.  CT  =  9.3.  —  Dyad.  A  melalllc  ele- 
ment, found  only  in  the  Beryl,  Glo^{SiaO^\Alfi,  ihe  Chryso- 
beryl,  Glo'AliOi.  and  a  few  other  rare  minerals.  The  hietal  ia 
very  lig)it,  Sp.  Gr.  2.1,  is  malleable,  has  a  briglit  whire  lustre, 
does  not  alter  in  the  air  even  when  healed,  and  does  not  decom- 
pose aqueous  vapor  at  a  red  heat.  It  resembles  alummum,  as 
do  also  its  oxide,  hydrate,  and  chloride  the  correBponding  com- 
pounds of  the  same  metal.  The  hydi-ate  differs,  hott'ever,  from 
that  of  aluminum  in  several  important  respects.  Although  sol- 
uble in  caiwtic  alkalies,  it  is  again  precipitated  on  boiling  the 
diluted  solution.  It  dissolves  in  soluiions  of  carbonate  of  am- 
monia, witb  which  it  forms  a  crystalline  salt.  It  yields  with 
sulphuric  acid  a  well-crysi  alii  zed  sulphate,  GlSOt .  iffsO,  which 
forms  with  potassio  sulphate  a  double  salt,  K^Gli{SOi)s .  'iH^O, 
wholly  different  from  alum.  Lastly,  it  absorbs  UO.^  from  the 
air.  The  salts  of  this  metal  have  an  acid  reaction  and  a  sweet 
taste,  whence  the  name  from  yXuKi'c. 

328.  Y'lTRIUM,  Y—U.l,  and  ERBIUM,  iJr^  112.6. 
—  Dyads.  Meiallic  elements  associated  together  in  Gadolinite, 
Ytlrolanlalite,  and  a  few  other  very  rare  minerals.  First  rec- 
ognized in  the  specimens  from  Ytterby,  in  Sweden,  whence  the 
names.  In  most  of  iheir  relations  they  quite  closely  resemble 
glucinum.  They  differ,  however,  from  it  i]i  forming  insoluble 
oxalates,  and  hence  are  precipitated  on  adding  an  excess  of  ox- 
alic acid  lo  solutions  of  their  salts.  Their  hydrates  also  are  in- 
soluble in  caustic  soda  or  potash,  although  they  dissolve  readily 
in  solutions  of  ammonia  and  its  carbonate.  The  oxide  of  yttrium 
is  wliite,  that  of  erbium  slightly  rose-colored.  Oxide  of  er- 
bium, when  heated  in  a  colorless  flame,  shines  with  a  green  light, 
although  it  does  not  volatilize ;  and  with  the  spectroscope  the 
unique  phenomenon  ia  seen  of  brilliant  colored  bands  superim- 
posed on  a  continuous  spectrum.  Moreover,  solutions  of  erbtum 
salts  absorb  the  same  colored  rays  which  the  ignited  oxide 
emits ;  and  when  a  luminous  flame  is  viewed  with  a  spectre* 
scope  through  such  a  solution,  dark  bands  aie  seen  which  have 
the  same  position  as  the  luminous  bands  just  mentioned.  The 
salts  of  yttrium  exhibit  no  phenomena  of  this  kind. 
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329.  CERIUM.  Ce  =  92.  LANTHANUM.  La  =  93.6. 
DIDYMIUJI.  X>  =  95.— These  tbree  vare  elemenU  are  found 
inseparably  united  in  Cerite,  Allanite,  Lanthanite,  Ytlrocerite, 
Parisice,  and  several  other  very  rare  minerals.  They  are  not 
unfi'equentjy  associated  with  the  elements  of  the  last  Eection, 
which  ib'ey  resemble  in  many  particulars,  but  they  differ  from 
them  m  forming  with  potassium  insoluble  double  sulphate?,  and 
hence  they  are  precipitated  on  adding  an  excess  of  potassic  sul- 
phate to  solutions  of  their  salts.  They  all  yield  oxides  of  the 
form  SO,  but  oerium  diffei-a  from  the  other  two  in  forming  a 
higher  oxide,  probiibly  Cr^O^,  which,  when  heated  with  hydro- 
chloric acid,  evolves  chlorine.  The  oxides  of  cerium  and  lan- 
thanum are  more  or  less  colored,  and  that  of  didymiuni  is  dark 
brown.  The  salts  of  didymium  are  pink  or  violet  colored,  and 
when  in  solution,  even  in  small  quantities,  absorb  powerfully 
certain  rays  of  light ;  and  the  spectrum  of  a  luminous  flame 
viewed  through  such  a  solution  shows  a  strong  absorption  band 
in  the  yellow  and  anoiher  in  the  green.  As  tiiese  bands  differ 
wholly  fi'om  those  of  erbium,  they  enable  us  to  recognize  with 
certainty  the  presence  of  didymium,  as  none  of  its  assoeiated 
elements  produce  any  such  effect.  Moreover,  since  the  char- 
acterisiie  absorption  bands  are  seen  with  reflected  as  ivell  as 
■witli  transmitted  iigbl,  we  are  enabled  to  extend  this  mode  of 
investigation  even  to  opaque  solids. 

In  regard  to  the  elementary  substances  but  lilile  is  hnown. 
Cerium,  which  has  been  obtained  by  reducing  its  chloride  with 
sodium,  is  a  soft  metal  like  lead.  When  polished,  it  exhibits  a 
high  metallic  lustre,  and  its  specific  gravity  is  about  5.5. 

Questions  and  Problems. 

1.  Some  chemists  regiird  glucina  as  a  sesqiijoxide,  like  altimina, 
and  hence  write  the  symbol  Gl^O^  What  would  then  be  the  atomic 
■weight  of  glucinum?  Ans.  14. 

3,  By  what  two  reagents  may  tbe  elements  of  this  section  be  di- 
vid«l  into  tbree  groups  V      Ans.  Oxalic  acid  and  potassiu  eutpliate. 

3.  Wlien  mixed  with  the  other  allied  oxides,  the  amount  of  eerie 
oxide  present  may  bo  det<;rmined  by  dissolving  out  of  contact  with 
the  air  a,  weighed  amount  of  the  mixed  oxides  in  hydrochloric  acid, 
to  which  some  potassic  iodide  has  been  added,  and  then  finding  by 
['273]  the  quantity  of  iodine  thus  set  free.  Write  the  reactions  illus- 
trating the  theory  of  the  process. 

Acs.  in  part.  Cefi,  +  SHCl  =  SCeC4  +  4ff,0  +a-a 


:,oogk 


S30.  NICKEL.  M  =  58.8.  —  Quandvalence  usually  twa 
One  of  the  less  abundant  metallic  elements.  The  chief  native 
compounds  are 


Breithauptite           Hexagonal 

MflSb,-}, 

m[A..i 

Smaltine)             Isometric 

m^lAs,-}, 

Hickel  Glance         Isometric 

mKssM^n 

Eamraelsbergite      Orthorhombic  Ni^lAss], 

Millerite                   Hexagonal 

m-s. 

M-0, 

Nickel  Vitriol          Monoclinic 

m--OfSo^.iH^o, 

Annabergite  (Nickel 

green)                   Monoclinic 

NHlOJ(AsO),.Sff,0, 

Emerald  Nickel  (Zaratite) 

Ni^WfiOO,B,.iH,0, 

Genthiie 

\_Ni,Mg^,^^^O^^mSi,0^.m^O. 

The  metal,  however,  is  obtained  chiefly  from  a  niccoliferous 
iron  pyrites  (magnetic  variety),  wtiich  only  contains  the  element 
as  an  adteasory  constituent  The  native  arsenide",  and  an  im- 
pure regulus  (called  epeiss)  formed  m  the  preparation  of  smalt, 
are  the  other  sources  of  the  niiki.t  of  commerce  The  process 
of  extracting  the  metal  is  comphtated  and  tedious  It  consists 
in  roasliug  the  ore,  dissolving  the  resulting  oxides  m  acid,  and 
precipitating  first  the  associated  melais,  and  afterwards  the 
nickel,  hy  appropriate  reagenl"  Tiie  chief  diflir ultj  is  to  sep- 
arate from  the  nickel  Ihe  more  iiluable  cobalt  wifh  which 
nickel  is  almost  invariably  associated,  and  to  whii.h  it  is  very 
closely  allied. 

Metallic  nickel,  Sp.  Gr.  8.82,  has  a  silver-white  color,  a  bril- 
liant metallic  lustre,  and  does  not  tarnish  when  exposed  to  the 
atmosphere.'  It  has  great  tenacity  and  malleability,  and,  were 
it  more  abundant,  would  rival  even  iron  in  the  number  of  its 
applications  in  the  useful  arts.  Nickel  resembles  iron  in  many 
of  its  qualities.     When  pure,  it  is  nearly  as  infusible  as  wrought- 
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iron,  and  may  be  forged  in  a  similar  way.  When  combined 
with  a  small  aniouNt  of  carbon,  it  ma)',  like  casl-iroii,  be  fused 
in  an  ordinary  wiud  furnace.  Mickel  ia  also,  like  iraii,  suscep- 
tible of  magnetism,  but  tlio  magnetic  power  is  less  marked,  and, 
when  healed,  it  loses  this  virtue  at  a  much  lower  temperature. 
Moreover,  like  iron,  nickel  U  soluble  in  dilute  sulpliuric  or 
Lydrochioric  acids  with  evolution  of  hydrogen  gas,  but  llie  ac- 
tion is  less  energetic,  and  the  meial  dissolves  only  slowly.  The 
beat  polvenia  are  nitric  acid  and  aqua  ivgia.  Nickel  forms  with 
copper  a  brilliant  while,  hard,  tenacious,  malleable  alloy,  and 
a  small  amount  of  nickel  will  whiten  a.  large  body  ol'  copper. 
This  alloy  is  much  used  for  coinage,  and  as  tlie  basis  of  the 
better  kinds  of  electrotype  plate.  German  silver  is  an  alloy  of 
copper,  zinc,  and  nickel  in  about  tiie  proportion  of  5:3:2. 
JJiL'kel  may  also  be  alloyed  with,  iron,  and  is  a  constant  constit- 
uent of  the  metallic  meteorites.  Nickel  readily  combines  with 
each  of  the  members  of  the  chlorine  group  of  elements,  but 
only  in  one  proportion,  and  the  compounds  thus  ibrmed,  NiF^, 
m'0/3.  &c.,  are  all  soluble  in  water. 

There  are  two  oxides  of  nickel.  The  protoxide,  NiO,  is  an 
olive-green  powder,  readily  obtained  by  igniting  either  the  ni- 
trate or  the  carbonate  of  the  metal.  It  is  a  batic  anhydride, 
dissolving  readily  in  the  mineral acids,and forming  the  ordinary 
nickel  salts,  in  all  of  which  ^i  ads  as  a  bivalent  radicaL  The 
sesquioxide,  Nl-iO^,  ia  a  black  powder,  also  obtained  Ij^  igniting 
the  nitrate,  but  at  a  lower  temperature.  It  is  an  unstable  com- 
pound, and,  when  heated,  is  resolved  into  the  lower  oxide  and 
oxygen  gas.  It  is  not  a  basic  anhydride,  and,  when  healed  with 
the  mineral  acids,  one  third  of  the  oiygen  is  given  off  aa  before, 
and  a  salt  of  the  ordinary  type  is  the  result.  In  the  sesquiox- 
ide, Ni  is  a  quadrivalent,  but  the  double  atom  {Ni^  acts  as  a 
sexivalent  radical.  The  tendency  to  form  radicals  of  this  last 
type,  which  is  only  foreshadowed  in  nickel,  becomes  a  striking 
chafacter  in  the  elements  which  follow  in  our  classification. 

Of  the  crystallized  soluble  salts  of  nickel,  the  most  common 

Niccoloua  Chloride  NiOi^ .  ^H^O, 

Niccolous  Nitrate  Ni-Of{NO^)i  .  GH^O, 

Niccolous  Sulphate  NiM^'O^iSO .  QH^O. 

Dipotassic-niccolous  Sulphate  M,Ki'Oi{SO^)i .  BHiO. 
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The  salts  of  nickel,  both  when  crystallized  and  when  in  so- 
lution, liHve  a  characteristic  green  color;  but,  when  rendered 
anhydrous  by  heat,  this  color  changes  to  yellow.  From  their 
Boluiious  the  fixed  alkalies  precipitate  a  hydrate,  and  the  alka- 
line carbonates  a  basic  carbonate,  of  nickel,  both  forming  pale- 
green  precipitates.  The  first  is  probably  ihe  definite  compound 
IfhOfJfii  but  the  composition  of  the  second  varies  with  the 
temperature,  strength,  and  proportions  of  the  solutions  em- 
ployed, and  the  product  is  closely  analogous  to  the  precipitates, 
which  are  obtained  under  similar  conditions  from  solutions  of 
the  salts  of  magnesium  or  zinc. 

The  salts  of  nickel  readily  combine  both  with  ammonia  and 
with  ihe  ammonium  salts.  A  large  number'  of  products  may 
thus  be  formed,  which  are  easily  soluble  in  water.  The  fol- 
lowing crystalline  compounds,  which  indirectly  play  an  impor- 
tant part  in  some  of  tlie  methods  of  qualitative  analysis,  will 
serve  as  types  of  the  class :  — 

MCI, .  6if^,  Mff,ci.  mck .  6ff,0. 

From  solutions  of  such  ammoniacal  compounds,  and  from 
other  alkaline  solutions  containing  nickel,  (he  metal  is  precipi- 
tated as  [ifi'JiOalffe,  both  by  chlorine  gas  and  by  the  alkaline 
hypochloriles.  The  precipitate  has  an  intense  black  color,  and 
this  reaction  is  one  of  the  most  delicate  tests  for  nickel,  hut 
does  not  distinguish  it  from  cobalt.  Nickel  is  also  predpitated 
from  alkaline  solutions  by  ff^S  or  by  alkaline  sulphides.  The 
black  precipitate  thus  obtained  has  the  same  composition  as 
Millerile,  MS.  It  is  insoluble  in  the  dilute  mineral  acids,  al- 
though in  acid  solutions  of  nickel  salts  H3S  gives  no  precipitate. 
Two  other  sulphides  of  the  element,  M^S  and  MS,,  have  been 
described. 

SSI.  COBALT.  Co  =  58.8.  —  Quantivalence  usually  two. 
Associated  with  nickel  in  the  same  ores,  but  less  abundantly 
distributed.  ■  Most  of  the  minerals  enumerated  in  the  last  sec- 
tion contain  cobalt.  When,  however,  this  metal  preponderates, 
they  are  in  most  cases  classed  as  separate  mineral  species,  and 
receive  distinct  names.  No  cobalt  mineral  corresponding  to 
Kupferaickel  or  Breithauptite  has  been  found,  but  we  have 
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Smaltine  Isometric         Cot(Asi), 

Cobaltine  Isometric         Ooi[^(Jsii)], 

Linn  site  Isometric         CosS,, 

Glaucodot  Orthorhombic  Co'[ii,(Jsa)], 

Sjepoorite  Co^S, 

Cobalt  Vitriol  Moiioclinic      Co-OiSO^ .  III^O, 

Erythrite  (Cobalt  Bloom)  Monoclinie      CosWf(J.sO)i.SIliO. 

To  these  must  be  added  an  impure  oxide  of  cobalt  (Eartbj 
Coball),  and  a  mineral  called  Kemingtonite,  wliicli  probably 
corresponds  to  Emerald  Hickel.  There  is  a  Tariety  of  Lin- 
nfeile,  called  Siegenite,  which  contains  a  large  proportion  of 
niekel ;  but  no  purely  niccolii'erous  compound  of  this  type  is 
known. 

In  all  their  chemical  relations,  the  two  metals  here  associ- 
ated resemble  each  other  so  closely  that  the  description  of 
nickel  given  above  applies  almost  word  for  word  lo  cobalt,  and 
it  is  onlv  necessary  to  indicate  farther  the  points  of  difference. 

Metallic  cobalt  rusts  more  readily  than  nickel,  but  less  read- 
ily than  iron.  It  is  inagnetic,  and  possesses  valuable  qualities, 
but  is  so  costly  that  it  has  received  no  application  in  the  arts. 

Cobalt  forms  but  one  stable  compound  with  either  of  the  mem- 
bers of  the  chlorine  group  of  elements,  CoCl^.  &c  ;  but  by  dis- 
solving CojOg  in  hydrodiloric  acid  a  red  solution  is  obtained, 
which  is  supposed  to  contain  Co,C4-  Tl^e  compound,  however, 
is  very  unstable,  for  the  solution  evolves  chlorine  on  the  slight- 
est elevation  of  temperature. 

There  are  three  well-marked  oxides  of  coball.  CobaUous 
Oxide,  CoO;  Cobaltic  Oxide,  Co^O^i  Coballous-cobaltic  Ox- 
ide, CosOfi  hut,  besides  these,  several  others  have  been  dis- 
tinguished, which  are  probably  either  mixtures  or  molecular 
S^regates  of  the  iirst  two.  Not  only  is  Co  0  a  strong  basic 
anhydride,  hke  NiO,  but  also  Co^Os  dissolves  in  acids,  espe- 
cially in  acetic  acid,  formiog  sails.  "We  have,  therefore,  to  dis- 
tinguish between  cobaltous  and  cobalUc  salts;  but  the  lasl  are 
very  unstable  and  little  known. 

The  ordinary  cobaltous  salts,  when  crystallized,  are  red,  but 
are  usually  lilac-colored  when  anhydrous,  and  the  pink  solu- 
tions, which  they  yield  with  water,  become  blue  when  concen- 
trated.    On  this  diange  of  color  depends  the  virtue  of  certain 


oy  Google 


§331.]  COBALT.  369 

eympailielic  inks.  From  solutions  of  these  salts,  potossic  or 
sodic  liydrato  precipitate  Co^O-iH^,  wliifh  has  a  delicate  i-ose- 
color.  The  pale-blue  precipitate,  which  generally  falls  first,  is 
a  basic  salt  of  cobalt,  but  if  warmed  with  an  excess  of  the  re- 
agent, it  soon  acquires  the  composition  and  color  of  the  normal 
hydrate.  If  exposed 'to  the  air  this  hj-drale  absorbs  oxygen 
rapidly,  and  changes  to  a  dingy-green  color.  The  normal  co- 
baltic  hydrate  is  not  known.  The  black  precipitate  oblained 
by  IJie  action  of  chlorine  or  the  hypochlorites  on  alkaline  solu- 
tions containing  cobalt  is  Ibe  second  anhydride  of  this  hydrate, 
or  Oj'[  Co.^'  OfH-f  The  same  compound  is  (brmed  wlien  chlo- 
rine gas  is  passed  through  water  or  a  sotuiion  of  caustic  potash 
holding  cohaltous  hydrate  in  guspen^ion.  When  ihe  alkali  is 
used,  the  whole  of  the  hydrate  is  converted  into  the  cobaltic 
compound ;  hut  with  pure  water  only  two  thirds  as  mueU  are 
obtained.  Tbe  compound  of  nickel  formed  under  the  Bame 
conditions  is  supposed  to  be  the  normal  niccoiic  hydrate. 

The  tendency  to  form  soluble  compounds  with  ammonia  and 
■with  the  ammonium  salts  manifested  by  nickel,  appears  again 
and  more  prominently  in  the  allied  element  cobalt.  Moreover, 
there  are  cobuliic  as  well  as  coballous  compounds  of  this  class, 
and  the  last  tend  to  pass  into  the  first  by  absorbing  oxygen 
when  exposed  to  the  air.  The  number  (jf  these  compounds  is 
very  numerous.  They  have  a  vei-y  complex  constitution,  and 
in  many  ca^es  at  least  are  probably  formed  on  the  ammonia 
type.  We  may  rejiard  them  as  compounds  of  ammonio-cobalt 
bases,  to  several  of  which  distinctive  names  hare  been  given. 
The  following  scheme  exhibits  the  relations  of  the  more  impor- 
tant compounds ;  — 

Cobaltoug  Compounds. 

Co£  .  ANH^,  CoR  .  GNff,. 

Cohabic  Compounds. 
[Co2_,/?3.    SJVffj    FuscoMwbaltic  salts. 
[Co^lR^  .  XdNHi     Koseo  or  Purpureo-cobaitic  salts. 
ICo^llis .  lajVffj     Luteo-cobaltic  salts. 

In  the  above  symbols  R  stands  for  a  bivalent  acid  radical. 
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like  (SO,),  (CO^),  (C^O,)  or  C!^  (X^O-,)^,  &c.  Substituting 
these  in  the  genei'al  symbol,  we  obtain  the  specific  symbols  of 
the  various  salts  of  the  assumed  bases ;  but  in  mo^t  ca.^es  the 
ciystallized  Halt  contains  in  addition  one  or  more  molecules  of 
water,  which  frequently  pliiy  an  irapoi-tant  part  in  its  constitu- 
tion, and  determine  marked  differences  *of  qualities,  as  in  the 
following  typical  compounds: — 
Purpureo-cobaltic  Chloride  iOa^lCl^  .  WNff„ 
RosecMwbaliic  Chloride  iCo^^C/^  .'lONIf, .  III^O, 

Xantho-cobaltic  Chloride        [(7oJC^.  IQNH^.  N,/J^.  H^O. 

Cobaltous  oxide  combines  with  many  of  the  basic  as  well  as 
with  the  acid  anhydrides,  yielding  in  several  cases  compounds 
distinguished  by  great  brilliancy  of  coloring.  The  compound 
with  lAl^Oi  is  known  as  Thenard's  blue,  that  with  ZitO  as 
!Knman's  green.  Such  compounds  are  formed  when  the  me- 
tallic oxides,  moistened  with  a  solution  of  cobaltous  nitrate,  are 
heated  belbre  the  blow-pipe,  and  the  production  of  the  coloi'  is 
one  of  the  most  charncterislic  blow-pipe  reactions, 

Cobaltous  oxide,  when  melted  into  glass  or  into  the  glaze  of 
earthenware,  imparts  to  the  material  an  intense  blue  color,  and 
the  brilliancy  and  the  depth  of  the  color  render  the  oxide  one 
of  the  most  valuablif  vilrifiable  pigments,  and  this  is  its  chief 
use  in  the  arts.  The  blue  pigment  called  smalt,  used  for  color- 
ing paper  and  dressing  white  calicoes,  is  a  pulverized  alkaline 
glass  sti'ongly  colored  wtlh  the  oxide. 

Cobalt  is  distinguished  by  the  same  reactions  as  nickel  from 
all  other  meinlhc  radicals  From  nickel  it  is  distinguished, — 
First,  by  the  blue  color  which  the  oxide  gives  to  borax  glass. 
Secondly,  by  tlie  fact  that  polassic  nitrite  precipitates'  the  co- 
balt from  nitric  or  acetic  acid  solutions,  whiie  it  does  not  precip- 
itate nickel.  Thirdly,  by  the  circumstance  that  cyanide  of  co- 
ball  forms,  when  boiled  with  a  solution  of  potassic  cyanide  in 
contact  with  the  air,  a  compound  corresponding  (o  potassic  ferii- 
cyanide.  The  solution  of  potassic  cobalti-cyanide  is  not  de- 
composed by  HgO  or  by  alkaline  hypochlorites,  while  from  the 
solution  of  the  cyanide  of  nickel  and  potassium,  formed  undei 

1  Comp"=ilion  of  precipitnle  Dccording  to  S.  P.  Sadtler, 
K„l«iil.LlO„,li((«,0,l„  .  xH,0. 
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tlie  same  circumstances,  all  the  nickel  is  precipitated  by  Ihe 
same  reagents. 

CoO-\-(2H'CN-\-Aq)=€o^{C!S)^-\-iHiO^Ag.)   [333] 

{2K^l(,C^N^Co,)  +  2-H,0  +  Ag).  [334] 

UtiO  +  (4ff-C7V+  /r,(?  -f  Ag)  = 

{IK-CN.  Mi  CN)^  +  2K- 0-H^  Ag).  [335] 

HgO  +  (2K-CS.  m-(CN)^  +  B^O  +  Aq)  = 

]\'i=0/Ha  +  (2K-C]f.  Hg^{CN)^  +  Aq).  [336] 


Queslions  and  Problems. 


2.  In  the  symbol  of  Nickel  Glance,  in  what  relation  does  tLe  sul- 
phur siand  to  the  arsenic  ?  Could  these  elements  replace  each  other 
by  single  atoms? 

3.  What  is  the  distinction  between  Chloanthite  and  Rammels- 
bergite?  Does  the  same  distinction  rea,ppcar  in  the  corresponding 
compound  of  either  of  the  allied  elements  ? 

i.  Rave  any  facta  been  stated  which  prove  that  nickel  is  some- 
times quadrivalent  ? 

5.    Represent  by  a  graphic  symbol  the  constitution  of  niccoloua 


7.  Point  out  the  analogies  between  nickel  and 

8.  The  precipitate  first  formed  by  ammonia  e 
ate  in  solutions  of  the  salts  of  nickel  rediasolves 
reagent,  and  does  not  form  at  all  nhen  a  large  t 
chloride  is  present.    How  do  you  explain  these 

S.  In  the  native  compounds  of  cobalt  this  element  is  more  or  less 
replaced  by  iron  and  nickel.  Write  the  symbols  ofSmaltine  and 
Cobaltine  so  as  to  indicate  this  tact. 
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10.  Represent  by  graphic  symbols  the  constitution  of  LiniiEeite, 
and  also  that  of  Co^S^  and  CoS^,  the  only  other  sulphiiies  not  men- 
tioned in  the  text. 

11.  Represent  by  graphic  symbols  the  constitution  of  the  follow- 
ing oxides  and  oxjaulphides,  Co,0,,  Co^O^  Co^OS. 

12.  Id  what  respeL'ts  do  the  oxides  and  sulphides  of  cobalt  dilTer 
from  those  of  niokel  ? 

13.  Write  the  reaction  of  chlorine  gas  on  eobaltous  hydrate,  first, 
when  suspended  in  water,  and,  secondly,  when  suspended  in  solution 
of  cauatiu  potash.  Write  also  the  correa ponding  reactions  which 
take  place  when  hydrate  of  nickel  is  eimilarly  treated. 

H.  Represent  the  composition  of  the  ammonio-cobalt  salts  by 

typical  symbols. 

15.  In  potassie  cobalii-cyanide  what  is  the  quanti  vale  nee  of  co- 
balt ?    Do  the  cobalt  atoms  change  their  atomicity  iu  [334]  ? 

16.  Analyze  reactions  [333]  to  [336],  and  show  that  the  differ- 
ences in  the  relations  of  cobalt  and  nickel  to  the  alkaline  cyanides 
depend  on  differences  in  the  atomic  relations  of  the  two  elemenla. 
What  part  does  tlie  oxygen  of  the  sai  play  in  [334]? 

17.  Potassie  cobalti-eyanide  is  formed  when  cobaitous  hydrate  is 
boiled  with  a  solution  of  potassie  cyanide,  there  being  free  access  of 
an-.     Write  the  reaction. 

18.  Write  the  reaction  when  a  solution  of  potassie  hypochlorite 
(K-O-Cl)  is  added  to  the  product  of  reaction  [335], 

19.  Point  out  the  resemblances  and  the  differences  in  the  chemi- 
cal relations  of  cobalt  and  niete!,  and  show  how  far  th*!y  may  he 
traced  to  the  circumstance  that  the  radical  [Co,]  is  more  stable  thaa 
the  radical  [A'tJ. 
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Division  XI. 


332.  MAKGANESE.  Mn  ~  55.  —  Quantivalence  two, 
four,  six,  and  possibly  eigtit.  A  tolerably  abundant  element, 
and  widely  diffused  throughout  the  mineral  kingdom,  entering 
into  ihe  composition  of  a  very  large  number  of  minerals.  The 
following  art)  (lie  most  characteristic  or  important:  — 


Pyrolusite 

Ortiio  rhombic 

MnO^ 

Eraunite 

Tetragonal 

jKi.O.or  (ilfe-S.)10„ 

Hausmannite 

Tetragonal 

J*i,0„ 

M.»ive) 
Earthy   ) 

Mixtures  of  UifTerent 

Wad 

oxides, 

Manganiie 

Oithorhombic 

Oj(M,,}-0,-ir, 

Hauerite 

Isometric 

MoS, 

Manganblende 

Isometric 

MnS. 

Ehodoniie 

Tricliitlc 

Mi,-OfSiO, 

Tephroite 

Orthorhombic 

mfO/si, 

Triplile 

Orlliorliombic 

{iF,,M,]fF)-Oi{PO)-> 

Manganese  Spar 

Khombohedral 

Mii--OiCO, 

Mangano-calcite 

Orthorhombic 

\^aa,MnyOfCo. 

The  elementary  substance  is  a  very  hard  and  brittle  metal,  Sp. 
Gr.  8.013.  It  has  a  grayish-while  color,  is  almost  infusible, 
and  very  slightly  magnetic.  It  oxidizes  rapidly  in  moist  air, 
and  decomposes  water  even  at  the  ordinary  temperature. 
There  appear  to  be  two  conditions  of  the  metal  corresponding 
to  wrou^rlit  and  cast  iron ;  but  its  properties  have  not  been 
thoroughly  studied.  It  is  obtained  with  difficulty  by  reducing 
tbe  oxide  with  carbon  at  a  very  high  temperature,  and  as  yet 
has  found  no  applicatiocs  in  the  arts.  Corresponding  to  the 
three  degrees  of  quantivalence  of  Manganese  are  three  classes 
of  compounds. 

1.  ManganouB  compounds,  in  which  the  quantivalence  of  the 
element  is  two.  This  class  includes  all  the  manganese  minerals 
above  enumerated,  after  manganblende,  and  all  tlie  common 
eoluble  salts  of  the  metaL     Among  the  last  the  most  important 
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Manganous  Cbloride  Mn  C^  •  (2  or  i/^O), 

Manganous  Sulphate  Mn--OiSO^.  {i,  b,  ot  1  H^G), 

Dipotasaic-manganoua  Sulphate     K^Ma-^0^[_SO^\  .  GJI^O. 


There  is  ulso  a  Bromide,  MnBr^ .  ^JT^O.  The  manganous 
compounds  aie  distinguished  by  a.  delicate  pink  or  red  color. 
From  solutions  of  the  manganous  salts,  polaasic  or  sodic  hy- 
drate precipiiate  a  white  hydrate,  Mn^O^H^  which  absorbs 
oxygen  rapidly,  and  becomes  brown  when  exposed  to  the  air 
(Manganese  Brown).  In  like  manner  sodic  or  polassic  car- 
bonate precipitate  a  white  hydro-carbonate,  wliich  also  becomes 
brown  on  drying.  Ammonic  carbonate  ali^o  produces  the  same 
precipitate,  and  does  not  redissolve  it  when  added  in  excess. 
Ammonio  hydrate,  on  IJie  other  hand,  gives  no  precipitate  in 
soluiious  containing  an  excess  of  ammonic  chloride,  and  redis- 
solves  the  precipitate  which  first  forms  in  simple  aqueous  solu- 
tions. Animonio-manganous  salts  are  thus  formed,  and  two 
well-crystallized  ammonio-marganous  chlorides  have  been  de- 
scribed,  MnCI.,.2NIf,Cl.JI,0  and  MaCt^ .  NH^Cl .  2H^0. 

In  the  solution  of  a  manganous  salt,  sodic  phosphate  and  am- 
monia produce,  under  regulated  conditions,  a  higlily  cry^ialiine 
precipitate  iiaving  the  composition  {NHi)^Mn^lOsl{PO)i. 
IH^O.  This  prei'ipitate  yields  on  ignition  a  pyrophospliate  of 
uniform  composition,  and  on  this  reaction  is  based  a  valuable 
means  of  determining  the  amount  of  manganese  in  quantitative 
chemical  analysis. 

Manganous  oxide,  MnO,  is  easily  obtained  by  reducing  either 
of  the  higher  oxides  with  hydrogen.  It  is  an  olive-green  pow- 
der, which  burns  if  heated  in  ilio  air,  thus  forming  the  ''red 
oxide"  Mn^Oi. 

Manganous  sulphide  is  precipitated  on  ad<ling  an  alkaline 
sulphide  to  the  solution  of  a  manganous  salt,  as  a  flesh-col- 
ored hydrate,  MnS .  xH^O;  but  this  also  in  contact  with  the 
air  rapidly  oxidizes  and  turns  brown.  It  readily  thssolves  in 
the  dilute  mineral  acids,  and  also  in  aceiic  acid.  Tlie  fame 
tendency  to  form  compounds,  in  which  manganese  presents  a 
higher  order  of  qu an ti valence,  is  exhibited  by  all  the  soluble 
manganous  salts,  and  especially  by  the  ammoniaeal  solutionii  just 
mentioned,  which,  when  exposed  to  the  air,  rapidly  absorb  oxy- 
gen, become  turbid,  and  deposit  a  brownish  flocculent  precipitate 
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of  manganic  hydrate  (OflMn^yHi^O^?).  So,  also,  when  chlo- 
rine gas  ia  passed  tluiDugh  waler  holding  mauganous  hydrate  or 
carbonate  in  suspension,  or  through  a  solution  oi'  a  manganoua 
salt,  to  which  an  excess  of  trodic  acetate  has  heen  added,  the 
manganese  is  still  further  oxidized,  and  the  brownish  precipitate 
obtained  is  chiefly  a  hydrate  of  the  dioxide  MnO^  .  MaO.  Bro- 
mine also  produces  a  similar  result. 

2.  Manganic  compounds,  in  which  the  guantivalence  of  the 
element  is  four.  Of  these  we  must  distinguish  two  divisions: 
first,  those  whieh  have  for  their  radical  the  single  quadrivalent 
atom  of  manganese  ;  second,  those  in  which  two  such  quadiiva- 
leot  atoms  act  aa  a  compound  radical  with  a  quanrivalence  of 
six.  To  the  first  division  of  the  manganic  compounds  probably 
belong  most  of  the  native  oxides.  Pyrolusite,  MnO^.  has  a 
crystalline  foi-m  similar  to  that  of  Bi-ookite,  T/Oi.  which  is 
an  oxide  of  the  well-marked  tetrad  element  titanium;  while 
Braunite,  Mn^Os,  and  Hau^iinannite,  Mn^O^,  have  a  form  which 
is  nearly  isomorplious  with  Eutile,  an  allotropic  state  of  the 
same  oxide  (Fig.  37),  hut  wholly  unlike  the  fonns  of  Fe^O., 
(Fig.  44)  and  FenOf  (Fig.  33),  two  typii-al,  compounds,  to 
which  Braunile  and  Hausmannite,  if  containing  the  sexivalent 
radical  [Mn^,  must  be  closely  allied.  Manganite  probably 
contains  tliia  radical,  as  it  is  isomorplious  with  the  native  ferric 
hydrate,  Gothile. 

Of  the  oxides  of  manganese,  the  red  oxide,  MnsO„  is  the 
most  stable.  The  higher  oxides,  when  heated,  are  all  resolved 
into  Mn^Oi,  and  the  native  oxides  thus  become  sources  of  oxy- 
gen gas  [232].  When  heated  with  sulphuric  acid,  they  also 
give  off  oxygen  and  yield  manganous  sulphate  [231].  "When 
heated  with  hydrochloric  acid,  they  liberate  chlorine  and  yield 
manganous  chloride  [77],  Hence  an  important  application  of 
the  native  oxides  in  the  arts.  There  are  reasons  for  believing 
that  the  two  atoms  of  oxygen  in  MnOi  stand  in  different  rela- 
tions to  this  molecular  group  (236),  and  the  chloride  of  man- 
ganese, MnCli,  recently  isolated,  affords  still  more  conclusive 
evidence  of  the  quadrivalent  relations  of  this  element.  This 
manganic  chloride  is  exceedingly  unstable,  and  when  gently 
heated  breaks  U[)  into  manganous  chloride  and  chlorine  gas. 

To  the  second  division  of  the  manganic  compounds  belong 
manganic  hydrate,  0^[Mij]=Oj=^,  and  several  very  unslahie 


oy  Google 


376  MASGASESE.  [§332. 

coinpounda,  whitli  have  been  formed  by  dissolving  this  hydrate 
in  different  acids.  The  sulphate,  however,  becomes  stable  when 
the  hexad  radical  is  associated  in  the  ealt  with  potassium.  We 
thus  obtain  au  interesting  variety  of  alum, 

S,  The  most  characteristic  compounds  of  manganese  are 
those  in  which  the  element  is  either  sexiralent  or  octivalent, 
and  the  fact  that  a  volatile  fluoride  of  manganese  is  known, 
which  contains  at  least  six  atoms  of  fluorine  to  every  atom  of 
manganese,  indii:ates  that  the  atomicity  of  the  elements  cannot 
be  less  than  six.  Indeed,  ihe  fluorides  illustrate  very  strikingly 
the  different  degrees  of  quanlivalence  which  mangaiie-'e  may 
assume,  for  we  have  MnF^  MiF^,   [^Knj]i^s,  and  MnF^. 

When  an  intimate  mixture  of  ^-  0-^and  Afn  0^  is  roasted  in 
a  current  of  oxygen  gas,  the  following  reaction  lakes  place :  — 

2K8^0rMn©3  +  2III,®.  [337] 

On  dissolving  the  resulting  mass  in  water,  and  evaporating  the 
deep  green  solution  thus  obtained  (in  vacuo),  crj'stals  are  formed 
isomorphoua  vrith  Ki=  Oi'SOi,  in  which  the  hexad  atoms  of  man- 
ganese act  as  acid  radicals,  and  we  call  the  product  potassio 
manganaie.  The  acid  corresponding  to  this  compound  has  never 
been  isolated,  and  only  a  few  of  its  salts  are  known.  They  are 
all,  like  polB.ssic  manganate,  exceedingly  unstable. 

On  boiling  a  solution  of  potassic  manganate,  the  following 
remarkable  reaction  results :  — 

(3A;  0,  Mn  0.,  +  3^5  0  +  Aq)  = 

MnO, ,  Ha©  +  (fij=02=[ J/ms] 0,~^iK-0'J{-\-  Aq)  ;  [338] 

and  a  new  compound  called  potassic  permanganate  is  formed,  in 
which  the  atoms  of  manganese  appear  to  have  a  quantivalence 
of  eight.  The  reaction  takes  place  more  readily  if  a  stream  of 
CO2  is  passed  through  the  boiling  solution  to  neutralize  the 
K~0-Haa  it  forms,  and  when  the  solution  is  not  too  strong  tha 
carbonic  anhydride  of  the  atmosphere  will  in  time  determine  the 
same  change  even  at  the  ordinary  temperature.  The  solulioa 
of  K^OfMn^Of  has  a  deep  violet  color,  and  the  changing  tints, 


oy  Google 


5SS3.]  lEOS.  377 

during  the  reaction  just  described,  present  a  very  striking  phe- 
nomenon. Hence  tlie  crude  polas^^ic  manganate,  obtained  by 
melting  togelher  MitOi  and  K-  0-NO^  is  commonly  known  as 
chameleon  mineral;  and  tlie  production  of  liie  characleriatic 
green  color,  under  similar  conditions  in  a  blow-pipe  bead,  is  the 
best  evidence  of  the  presence  of  manganese, 

■PotasBic  permanganate,  prepared  as  above,  may  be  readily 
crystallized,  and  ila  crystals  are  i^-omoriihous  wiih  those  of  po- 
tassic  perclilorate ;  that  ia,  Ki^OiiMn^>^0^  has  the  same  form 
as  K-0-Ctt.O^  From  potassic  permauganaie  a  number  of  other 
permanganates  may  be  prepared,  and  also  pennanganic  acid,  a 
dark-colored  volatile  liquid.  Permanganic  acid  is  formed  when 
the  solution  of  a  manganese  salt  is  boiled  with  nitric  acid  and 
plumbic  dioxide,  and  a  violet  color  developed  in  the  liquid  under 
these  conditions  is  a  certain  indication  of  the  presence  of  man- 
ganese.  The  permanganates  are  more  stable  than  the  manga- 
nates,  but  EtiU  they  readily  part  with  a  portion  of  their  oxygen, 
and  act  as  powerful  oxidizing  agents.  A  solution  of  potassic 
permanganate  is  much  used  for  this  purpose  in  tlie  laboratory. 
For  example,  it  changes  feirnua  into  ferric  sails. 

The  slightest  excess  of  the  permanganate  is  at  once  indicated  by 
the  color  it  imparls  to  the  liquid,  and  the  reaction  is  (he  basis 
of  one  of'the  most  valuable  methods  of  volumetric  analysis. 
Both  the  manganates  and  the  permanqianatea  are  at  once  de- 
composed by  all  oi^anic  tissues,  whirh  they  rapidly  oxidize, 
and  a  crude  sodic  permanganate  is  much  used  as  a  disinfecting 

333.  IRON.  i^e  =  56.  — Usually  bivalent  or  quadrivalent, 
but  rarely  .^exivalent.  A  universally  diffused  element,  and 
the  most  abundant  and  important  of  the  useful  metals.  As  an 
accessory  ingredient,  it  enters  into  the  composition  of  almost 
every  substance,  and  it  is  the  chief  metallic  radical  of  a  very 
large  number  of  important  minerals. 
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0:ddes. 

MAGNETITE 

Isometric 

FelFe,ynO„ 

Magnesi^ferrite 

Isometric 

JWi,,[/feJv<uO„ 

FEANKLINITE 

Isometric 

'  Zn,Mn1lFe^'\''mO„ 

HEMATITE 

i^^^io^ 

Speculak  Ikon 

Hexagonal, 

Ked  Hematite 

Massive, 

Clay  Ibos  Stonk 

Massive, 

Ked  Ochre 

Massive, 

MENACCANITE 

{Ti-Fe)W^ 

Tilanic  Iron 

Hexagonal. 
Hydrates. 

Limnite 

Massive 

[Fe^O^H^ 

Xanthosiderite 

Massive 

0'lFe~}Wfff,, 

Gotliite 

Orlliorliomliic 

0^iFe,Y-0,^R^ 

LIMONITE 

0^iFc^}{xOiH^ 

BitowN  Hematite 

Massive, 

Brown  Clay  Ieon 

Stone 

Massive, 

Bog  Orb 

Massive, 

Yellow  Ochke 

Massive. 
Carbonates. 

SIDERITE 

Fe^OfCO, 

Spathic  Iron 

Ehomboliedral, 

Clay  Iron  Stone 

(of  the  coal-beds) 

Massive, 

Sfh^rosiderite 

Gancretionary, 

Mesitite 

Kiiomboliedral 

lMg.Fey-0.fCO, 

Aokerite 

Ehombohedral 
Sulphides. 

iMg,Fe},CaW,i{UO)^. 

Troilile 

Massive 

FeS, 

Magnetic  Pyrites 

Hexagonal 

Fe,S,  or  Fe^J 

Iron  Pyrites 

Isometric 

FeS,, 

Marcasite 

Orthorhombic 

FeS„ 

Mispicbel 

Ortliorhombic 

Fe^lS,.(As,-]-]. 

.lOOglc 


Green  Vitiiol 

Coquimbite 
Jaroiite 

Copiapite 

liuimondite 

Glockerite 

Fibroferrite 

Botrjiogea 

Voltaite 
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Sulphates. 
Monoclinic  H^.FeiOfSO .  ^H^O, 

Monoclinic       H^lFe,Ca']iOtiSO  .&H^0, 
Hexiigoniil  \_Fe^i0^lSO.,\.%H^O, 

Ehombohedral 

Hdxagonai?     0'lFe^\^0,^^\_SO,']^.\2H^O, 

Hexagonal       OsViFej\W^iSO^}l .  IH^O, 

Massive 

Fihrous 

Monoclin 


0,-'m\_Fe,-\,.0,^lSO,-\,.27Hfi, 


Dufreniie 
Cacoxenite 
Scorodite 


Phosphates  and  Arseniates. 
Or<ihQThQmii\c\_Fe,Ma,L^\lOt{P0)^ 
Monoclinic  F<:.iW^\[PO)^ .  SB^O, 

Orlhorhombio    Oi^Fe^J.IOMPO)^ .  311,0, 
Radiated  0JiFe^yi0.fi(PO)3.  12^0, 

Orthoi-hombic  [Fe^JlO^l^As 0)^ .  iB^O, 

Fiiarmacosiderite  Isometric     Ofi[Fe{\^^'miOi^1w[AsO)B^l5■HiO^ 

Silicates, 
Fayaiite  (iron  olivine) 

Orthorhombic?  FeiiOttSt, 

Ilvaite  (Yenite)    Orthorhombic     ^^.[^faj.iiOu.ii^i"^? 
Schorlomite  Massive  Oz^  [i>s]i:ivOu'i'[71',.Sr|ji(33. 

Compare  also  Columbite,  Tantalite,  and  'Wolfraiii  (227)  and 
(253). 

334.  Metallurgy  of  Iron.  —  Native  iron  of  meteoric  origin 
is  not  unfrequenlly  found,  but  it  if  doubtful  whether  native  iron 
of  terrestrial  origin  exists,  .although  instances  of  its  occurrence 
have  been  reported.  The  commercial  value  of  the  metal  is  so 
email  that  only  those  ferriferous  minerals  which  are  at  the  same 
time  rich,  abundant,  readily  accessible,  and  easily  smelted,  can 
be  utilized  as  ores.  The  useful  ores,  wliicji  are  all  either  ox- 
ides, hydrates,  or  carbonates,  are  distinguished,  in  the  list  of  iron 
minerals  given  above,  by  a  difference  of  type ;  and  the  namea 
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of  the  most  imporlant  varieties  of  the  different  ores  follow  the 
names  of  the  species  to  whieh  they  belong.  These  ores  are 
found  either  in  veins  or  in  lieds,  associated  with  rocks  of  all 
ages  and  of  very  various  characters,  and  the  value  of  a  given  de- 
posit frequently  depends  quite  as  much  on  its  association  with 
coal  and  lime,  and  on  its  proximity  to  a  commercial  centre,  as 
on  ihe  riclinessof  llie  ore.  Hence  the  great  wealth,  which  haa 
been  drawn  from  the  deposits  of  clay  iron-stone  in  t)ie  coal-beds 
of  England,  an  ore  which,  intrinsically,  is  comparatively  poor. 

All  the  useful  ores  of  iron,  when  not  anhydrous  oxides,  are 
converted  into  this  condition  by  roasring,  and  the  oxides  are 
easily  reduced  to  the  metallic  stale  by  simply  healing  tlie  roasted 
ore  with  coal.  The  smelting  process,  however,  also  involves 
the  fusion  of  the  other  mineral  matter  (gangue),  with  which  the 
true  ore  is  always  mixed.  This  giingue  will  seldom  fuse  by  it- 
self, even  at  the  high  temperature  of  a  blast  furnace,  and  it  is 
almost  always  necessary  to  mis  the  ore  with  eomojlax  (usually 
limestone),  which  will  unite  with  the  g:i:igne  and  form  a  fusible 
sloff.  The  same  end  is  sometimes  aiiniiLcd,  or  at  least  an  ad- 
vantage is  gained,  by  mixing  different  ores. 

If  tlie  iron  is  reduced  at  a  comparatively  low  temperature,  as 
in  a  bloomery  forge,  the  metal  separates  from  the  melted  slag  as 
a  loosely  coherent,  spongy  solid,  the  Uoom,  and  is  subsequently 
rendered  compact  by  hammering  and  rolling  while  slill  at  a 
welding  heat.  If  the  iron  is  reduced  at  a  high  teraperaiure,  as 
in  a  blast  furnace,  the  metal  unites  with  a  small  proportion  of 
carbon  and  is  thereby  rendered  fusible.  Both  the  fused  metal 
and  the  melted  slag  then  drop  together  into  the  crucible  of  the 
furnace,  and  there  (he  difference  of  density  detei-mines  a  perfect 
separation  of  the  two  molten  liquids.  The  pi'oduct  of  llie  first 
process  is  nearly  a  pure  metal,  and  is  called  wrought-iron.  The 
product  of  the  second  process  contains  a  variable  amount  of 
carbon  (from  2  to  6  per  cent),  and  is  known  as  cast-iron. 

With  the  outward  a-pects  of  these  two  varieties  of  iron  every 
cme  is  familiar.  Wj-ouglit-iron  is  so  soft  that  it  can  be  leadily 
worked  with  files  and  other  steel  tools.  It  is  very  tough,  and 
has  great  tenacity.  It  is  exceedingly  ductile  and  malleable.  It 
readily  fuses  before  a  compound  blow-pipe,  and  in  small  quanti- 
ties may  even  be  melted  in  a  wind-furnace.  It  however  requires, 
for  its  perfect  fusion,  a  full  white  heat.     But  at  a  lower  temper- 
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atui-e  it  becomes  soft  and  pli'^tle  and  in  th  a  condition  on  be 
wrought  or  welded  on  an  an\d  It  hi  a  fibrous  atiuUure,  but 
thia  is  in  a  ^  eat  meaiiu  e  due  to  the  meihimud  (leatment  it 
receives. 

Cast-iron  on  the  otl  er  hind  hai  a  granuhr  or  crystalline 
Btructure.  It  n  h  h  rder  than  wiought  iron,  an  I  pro[or 
tionally  more  br  lie  I  a  tlierelore  neitber  malleable  nor  duc- 
tile, and  canuot  b  vrou  ht  on  iht:  invil  like  ll  e  former  metal , 
but,  as  it  melts  at  a. much  lower  temperature,  it  is  suilaUe  for 
castings.  Cast-iron  dlfiifrs  greatly  in  quality,  and  tha  two  ex- 
treme conditions  are  seen  in  the  two  commercial  varieties  known 
83  whiu  iron  and  gray  iron.  White  iron  has  a  briliiaot  white 
lustre  and  a  lamellar  crystalline  fracture,  is  very  brittle,  and  so 
hard  that  it  cannot  be  worked  with  sf«el  tools.  It  ia,  tiierefore, 
not  suitable  for  casting,  but  may  be  used  to  advantage  for  mak- 
ing wrought-iron  or  steel.  Gray  iron  has  a  darker  lustre  and 
a  more  granular  fracture.  It  is  much  softer,  and  may  be  filed, 
drilled,  or  turned  in  a  lathe.  Although  less  fusible  than  white 
iron,  it  flows  more  freely  when  melted,  and  is  better  adapted 
for  casting.  It  also  contains,  as  a  rule,  less  carbon,  but  the  dif- 
ference of  qualities  seems  to  depend  n-ore  on  the  condition  of 
the  carbon  than  on  the  amount.  lu  white  iron  (dl  the  carbon 
appears  to  be  chemically  combined  with  ihe  metal,  while  in 
^Ts.-^  '\roa  the  greater  part  is  disseminated  in  an  uncombined  form 
through  the  mass.^  A  form  of  white  iron,  called  by  the  Ger- 
mans spiegekisen  (mirror  iron),  which  crystallizes  in  flat,  bril- 
liant tables,  and  contains  about  five  per  cent  of  carbon,  has 
approximately  the  composition  C^e„  and  another  crystalline 
variety  has  been  described,  which  nearly  corresponds  to  CFeg-, 
but  the  existence  of  these  compounds  cannot  be  regarded  as 
proved.  Spiegeleisen,  moreover,  is  not  a  pure  ferro-carbide, 
but  always  contains  manganese,  the  amount  varying  from  4  to 
12  per  cent  Indeed,  manganese  is  a  very  common  ingredient 
of  cast-iron,  as  might  be  anticipated,  seeing  that  nianganesian 
minerals  are  so  frequently  associated  with  iron  ores.  Cast-iron 
also  contains  variable  quantities  of  silicon,  sulphur,  and  phoa- 

1  When  the  fracture  exhibits  large,  coarsfl  gniinn,  among  which  points  of 
graphite  are  distinctly  visible,  the  metal  is  said  to  be  sioUkd.  llotlled-iron  is 
very  tough,  and  ia  especially  valued  for  casting  ordnance.  Of  nil  three  vari- 
eties of  cast-iron, — the  white,  the  mottled,  and  the  gray,  — the  iron-masters 
distinguish  several  grades. 
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pLorus,  besides  traces  of  other  metals,  such  as  alumiimm,  cal- 
cium, and  potussium. 

By  melting  cast-iron  on  the  hearth  of  a  reverberatory  furnace, 
the  carbon  and  the  other  impurities  may  be  more  or  less  thor- 
oughly burnt  out,  and  the  mt-lal  converted  into  wrought- iron. 
At  the  same  time  a  portion  of  the  iron  is  oxidized,  and  a  very 
fusible  elag  is  formed  by  the  union  of  the  oxide  with  the  silica 
always  present. 

Tlie  melal  thickens  as  it  becomes  decarbonized,  and  the 
spongy  bloom  thus  formed  is  easily  separated  from  the  melted 
slag,  and  hammered  or  rolled  into  bars,  as  before  described. 
The  greater  part  of  the  wrougbt-iron  of  commerce  is  made  ia 
this  way,  and  the  process  is  called  "puddling,"  because  the 
melted  metal  ia  stiried  or  puddled  on  the  hearth  of  the  fur- 
nace in  ord.,'r  to  expose  the  mass  more  effectually  to  the  action 
of  the  air.  The  purest  ii-on,  thus  prepared,  still  contains  a 
small  amount  of  carbon,  which  does  not,  however,  im|)air  its 
useful  qualities.  The  other  impurities  of  cast-iron,  when  not 
wholly  removed,  render  the  wroughlriron  friable  or  brittle  {short, 
in  technical  language),  and  are  highly  [irejudicial.  Sulphur 
makes  the  metal  friable  while  hot  {red  short),  while  phosphorus 
and  silicon  make  it  brittle  when  cold  {cold  short). 

That  most  valuable  form  of  iron  called  steel  holds  an  inter- 
mediate position  between  wrought  and  cast  iron,  and  partakes, 
to  a  great  extent,  of  the  valuable  qualities  of  both.  At  a  white 
heat  it  may  be  worked  on  the  anvil,  like  wrought-iron,  and  at 
a  higher  temperature,  but  siiil,  within  the  range  of  a  wind  fui^ 
nace,  it  may  be  melted  and  cast.  If  suddenly  quenched  in  water, 
when  red-hot,  it  becomes  as  hard  and  brittle  as  white  cas;t-iron ; 
and  when  subsequently  heated  to  a  regulated  temperature,  the 
temper  may  be,  reduced  to  any  desired  extent.  It  may  thus 
be  made  soft  and  tough,  or  bard  and  elastic,  at  will,  and  on  this 
remarkable  quality  its  numerous  and  important  applications  to 
the  useful  arts  depend.  Good  steel  contains  from  0.7  to  1.7 
per  cent  of  carbon,  and  it  is  made  either  by  carbonizing  wrought- 
iron,  as  in  the  ordinary  cementation  method,  or,  as  in  the  Bes- 
semer process,  by  decarbonizing  cjist-iron ;  but  it  is  probable 
that  the  qnalittes  of  steel  depend  fully  as  much  on  some  un- 
known causes  as  on  the  presence  of  carbon.  Jt  has  even  been 
doubted  whether  the  presence  of  carbon  is  essential ;  and  indeed, 
the  whole  subject  is  very  obsturu. 
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335.  Metallic  Iron.  — The  Sp.  Gr.  of  the  purest  iron  is  8.14, 
but  ca^t-iron  has  sometimea  a  specific  gravity  as  low  as  7,  and 
the  density  of  tlie  different  varieties  of  the  metal  ranges  between 
these  extremes,  the  average  for  good  bar-iron  being  7.7.  Iron 
is  distinguished  for  its  great  susceptibility  to  magnetism,  and  in 
this  respect  it  far  surpasses  both  nickel  and  cobalt,  the  only 
other,  metals  that  exhibit  this  property  in  any  marked  degree. 
The  susceptibility  of  iron  to  magnetii;  induction  diminishes  as 
its  hardness  increases,  but  at  the  same  time  its  power  of  retain- 
ing  the  virtue  is  enhanced.  Thus,  iron  can  only  be  permanently 
magnetized  when  combined  with  carbon,  as  in  steel,  or  with 
oxygen,  as  in  the  magnetic  oxide  or  loadstone,  FegO„  or  with 
sulphur,  as  in  magnetic  pyrites,  Fe^S^ ;  but  it  is  a  fact  worthy 
of  notice,  that  speigeleisen,  specular  iron,  Fe^O,,  and  common 
pyrites,  FeS^  are  almost  indifferent  to  the  action  of  a  magnet, 
and  the  same  is  true  of  most  otlier  iron  compounds. 

At  a  high  temperature  iron  burns  readily,  and  under  favor- 
able conditions  will  sustain  its  own  combustion  (63).  The 
product  formed  is  FeiOp  At  a  red  heat  it  also  decomposes 
water,  yielding  the  same  oxide  as  before,  together  with  hydrogen 
ga?.  At  the  ordinary  temperature,  however,  polished  iron  re- 
tains i(s  lustre  unimpaired,  both  in  dry  air  and  in  pure  water 
(free  from  air) ;  but  when  exposed  to  both  air  and  moisture, 
the  surface  soon  becomes  covered  with  rust.  Moreover,  this 
change  is  not  merely  superficial,  but  under  favorable  conditions 
proceeds  until  the  whole  mass  of  the  metal  is  converted  into  a 
ferric  hydrate,  having  the  composition  of  Limonile.  The  change 
accelerates  as  it  advances,  and  the  rust  first  formed  seems  lo 
acC  as  a  carrier  of  oxygen  lo  the  rest  of  the  metal.  The  cor- 
rosion of  wood  and  other  organic  fibre,  when  in  contact  with 
ru'ity  nails,  has  been  explained  in  a  similar  way.  It  is  also  a 
favorite  theory  that  a  coating  oC  rust  forms  with  the  metal  a 
voltaic  combination,  which  actually  decomposes  the  water  pres- 
ent, and  this-  is  thought  to  account  for  the  singular  fact  that  iron- 
Iron  readily  dissolves  in  dilute  mmeral  acids,  yielding  a  fer- 
rous salt  and  hydrogen  ga'  It  also  dissolves  in  aqueous  solu- 
tion of  carbonic  acid  if  free  from  air.  Concentrated  sulphuric 
acid,  even  when  boded  with  iron,  h'ls  but  little  action  upon  it. 
Nitric  acid,  on  the  other  hand,  ripidly  dissolves  the  metal  with 
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evolution  o(  NO.  It  is  «  singular  fact,  Jiowever,  tliat  the  most 
concentrated  nitric  acid  (Sp.  Gr.  1.45)  not  only  does  not  attack 
iron,  but  so  modiiiea  ita  condition  that  it  may  subsequently  be 
kept  for  weeks  in  acid  of  tlie  ordinary  strength  [Sp.  Gr.  not 
less  than  1,35)  without  the  slightest  alteration  of  the  polish  on 
its  surface.  This  same  passive  condition  may  also  be  induced 
in  other  ways. 

Iron  enters  into  chemical  combination  with  almost  all  the 
non-mstallic  elements,  and  forms  alloys  with  many  of  the  met- 
als, Cori'Cf ponding  to  the  three  degrees  of  quantivalence  are 
three  very  distinct  classes  of  compounds :  first,  the  ferrous  com- 
pounds, whose  rofHcal  i^'  a  single  bivalent  atom  of  iron;  secondly, 
the  ferric  compounds,  having  a  sestivalent  radical  consisting  of 
two  quadrivalent  atoms  of  iron ;  and  lastly,  a  few  very  unstable 
salts  called  ferrates,  annlogous  to  the  manganates,  in  which  a 
sexivalent  atom  of  iron  is  the  arad  radical.  The  last  chiss  of 
compounds,  although  practically  unimportant,  are  interesting, 
as  they  indicate  the  close  relationship  between  iron  and  man- 
ganese ;  but  iron  differs  from  all  the  associated  elements  in  that 
the  two  radicals  I'e'  and  [_Fe^l  form  equally  stable  compounds, 
and  play  an  equally  important  part  in  tlie  mineial  kingdom ; 
and  this  double  aspect  of  the  element  is  one  of  its  most  charac- 
teristic and  important  features. 

336.  JeiTows  Compounds.  —  The  crystallized  ferrous  com- 
pounds have,  as  a  rule,  a  liglit  green  coIofj  and  ferrous  oxide 
imparts  the  same  color  to  glass  (152).  The  soluble  ferrous 
salts  have  a  characteristic  styptic  taste.  They  are  isoraorphous 
with  the  corresponding  compounds  of  magnesium  and  zinc,  and 
quite  as  closely  allied  to  them  as  to  those  of  manganese,  cotult, 
and  nickel,  —  the  elements  with  which  iron  is  cH'-'ed  m  the 
scheme  of  this  book.  Thus,  in  nature,  ferrous  c^ibonate  is  as 
intimately  ^associated  with  the  carbonates  of  magneMum  and 
zinc  as  with  the  carbonate  of  manganese,  and  the  four  bnalent 
radicals  replace  each  other  in  almost  every  propoition,  not  only 
in  the  carbonates,  but  also  in  the  silicates,  and  in  a  large  num- 
ber of  other  minerals.  In  like  manner,  ferrous  sulphate  (green 
vitriol),  like  the  sulphates  of  the  same  metais,  and  also  those  of 
nickel  and  cobalt,  crystallizes  with  seven  molecules  of  water, 
and  forms  double  salts  with  the  sulphates  of  the  alkaline  metals 
(313),  (322),  (330).     The  sulphate  is  the  most  important  of 
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the  soluble  ferrous  salt?,  but  all  the  following  are  also  well 

Fermus  Chloride  FeCh  .  iffA 

Ferrons  Nitrate  .  Fe'Oi^(]VO.j)i  .  Cff^O, 

Ferrous  Sulphate  Fe-Oi^SOi .  (7,  4,  3,  or  2H,0}, 

Ferroua  Oxalate  F^-O^'C^O^  .  211^0, 

Ferrous  Phosphate  Hi.FefOi{PO)^. 

In  solutions  of  the  ferrous  Baits,  when  protected  from  tlie  air, 
the  alkulioe  liydratus  give  a  while  prec-ipitale  of  fen-ous  hjdrate, 
Fe^Oill^  and  the  alkaline  carbonates  a  similar  white  precipi- 
tate, wliich  is  a  hydro-carbouaie  of  vai'iable  eoniposiiion.  In 
the  presence,  however,  of  a  large  amount  rf  NUfCt,  neither 
amroonia  nor  amnionic  carbonate  give  aaj  precipitate,  and  the 
precipitation  by  the  other  alkaline  reagents  is  in  great  measure 
preveuted.  The  alkaline  sulphides,  nevertheless,  precipitate 
the  iron  wholly  as  a  hydrated  ferrous  sulpLide,  and  so  does  also 
ff^S  when  the  solution  is  alkaline,  but  not  when  the  'Blighteat 
excess  of  any  mineral  acid  is  present.  Solutions  of  the  ferrous 
salts,  when  exposed  to  the  air,  absorb  oxygen,  and  the  ferrous 
changes  into  a  ferric  compound.  The  same  is  true  of  the  fer- 
rous precipitates  formed  as  just  described,  all  of  wiiich  are  very 
■  rapidly  oxidized  as  soon  as  they  are  exposed  to  the  atmosphere. 
The  products  in  any  case  are  determined  by  various  conditions, 
but  iiie  following  are  some  of  the  most  characteristic  of  the 
reactions :  — 

(iFe'Oi^SOi  +  2HfOfSO^  +  Aq)  +  ®=®  = 

{2lFe^\0S{S0,)^  +  2H,0  -f-  Aq).  [340] 

(2(iFe-0^^S0^-\-  GII^O-^  Aq)  +  5(1>®  =  [341] 

2(0,.[Fe,]s:0,^S0^.  3H^)+  (G[iT.Ji(?J(^0,)3+-49). 

4Fe'0,«2  +  ®^®  ~  20=[Fc,]^;H4.       [342] 

337.  Ferric  Compounds.  —  Ferric  oxide,  when  dissolved  in 
melted  borax,  imparts  to  the  glass  a  yellow  or  yellowish-red 
color,  and  most  of  the  ferric  compounds  affect  the  same  tints. 
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They  are  is-omorphous  with  the  corresponding  compounds  of 
aluminium,  and  closely  allied  to  them  in  Iheir  chemical  rela- 
tions. Tiie  following  are  (he  most  important  of  the  soluble 
Dormal  salts :  — 

Ferric  Chloride       { A]i  CT, .  fiH^O,  also  with  5  or  ViH^  0, 
Ferric  Nitrate         {Fe^jiO^iNO^h  ■  18JI^0,  also  with  la/TjO, 
Ferric  Acetate        [-FeJ!0J(Ci//,0)6  +  Aq, 
Ferric  Sulphate       [Fe{\iO^{SO.^h  ■  ^-^A 
Diammonic-ferric  Sulpliate 

Ferric  Oxalate  [Fe^-jW^iC^O.,)^ 

Sodio-ferric  Osalate     J!fa^lFei]'^0:^-^\i{0^0^)e .  GH^O. 

Ferric  acetate  cannot  be  crystallized,  and  the  ferric  salts,  as 
a  rule,  crystallize  wilh  diUiculiy,  All  the  well-marked  radi- 
cals of  the  type  [_S.pf  manifest  a  very  strong  tendency  to  form 
basic  iJompouuds  (38)  [51],  and  the  ilfrric  salts  furnish  a  strik- 
ing illustration  of  the  general  principle.  Most  of  the  native 
ferric  salts  are  basic,  and  tlie  fiymbols  of  a  number  of  such  com- 
pounds have  already  been  given.  Their  mutual  relations  will 
be  best  understood  if  they  are  studied  in  connection  with  the 
various  bydrates,  from  which  they  may  be  regarded  as  derived, 
and  a  table  of  the  possible  ferric  hydrates  is  easily  made  after 
the  principle  of  (151).  Of  the  compounds  which  are  thus  the- 
oretically possible,  a  large  number  are  easily  prepared,  and  » 
still  larger  number  are  at  times  formed  when  the  conditions 
happen  to  be  favorable ;  but  as  the  compounds  become  more 
basic,  they  soon  lose  every  trace  of  crystalline  structure,  and 
with  this  all  evidence  of  definite  chemical  constitution  disap- 
pears. The  products  are  then  amorphous  or  colloidal  solids, 
which  present  in  their  composition  every  possible  gradation 
between  certain  limits.' 

1  Solutions  of  varioas  basic  coraponnilB  are  readily  obtained  eitTier  by  dis- 
solving freshly  precipitated  ferric  hydrate  In  tt  solution  of  almost  any  ferric 
salt,  or  by  psrtinlly  abstracting  the  acid  of  the  salt  by  the  cautions  addition 
of  an  alkali.  A  sotntion  of  ferric  nitrate,  for  esamplo,  may  thus  be  made  to 
take  np  seven  additional  atoms  of  [^'s,].  On  allowing  such  solntions  to  evsp- 
orate  spoulaiieously,  the  basic  compounds  may  frequectlj  be  obtained  in  the 
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All  the  more  basic  salts  are,  as  a  rule,  insolubk  in  water,  but 
in  several  cases  they  affisct  both  a  soluble  and  an  insoluble  mod- 
ification, aud  under  certain  conditions  the  first  changes  into  the 
last  un  simply  boiling  the  solution.  The  soluble  condition  ap- 
pears in  all  ca^es  to  be  a  colloidal  raodificatioa,  and  by  dialya- 
ing  (56)  a  solution  of  basic  ferric  chloride  it  is  possible  to 
remove  almost  all  the  acid  radical,  and  obtain  nearly  a  pure 
Eoliition  of  ferric  hydrate.  This  solution  coagulates  on  stand- 
ing, and  the  ferric  hydrate  thus  passes  through  successive  stages 
of  dehydration.  On  boiling  the  water,  the  dehydration  proceeds 
still  further,  until  at  last  a  hydrate  corresponding  to  Gothile  is 
formed.  So  also  (he  voluminous  hydrate,  first  precipitated  by 
alkaline  reagents  from  cold  solutions  of  ferric  salts,  undergoes  a 
similar  change  under  the  same  conditions.  These  facts  would 
lead  us  to  infer  that  the  "  coaguLition "  of  the  solutions  of  the 
basic  fen'ic  salts  is  caused  by  the  elimination  of  a  certain  quan- 
tity of  water  from  the  molecules  of  the  compound. 

The  ferric  compounds,  although  permanent  in  the  air,  are 
easily  reduced  to  the  ferrous  condition  by  the  feeblest  reducing 


{[Fe^'jCli  +  Ag)  -\-Zn  =  (2FeCk  -j-  ZnCl,  +  Aq).  [343] 
([Fe]C'4+.ffiS+^?)=S-i-(2i^eC?5-f-2.ffa  +  ^9).  [344] 

In  solutions  of  ferric  salts,  the  alkaline  hydrates  and  carbon- 
ates all  give  a  red  precipitate  of  ferric  hydrate,  whose  constitu- 
tion varies  with  the  conditions  of  the  experiment,  as  indicated 
above.  TJds  precipitate  is  ittsolable  in  an  excess  of  sodic  or 
potassic  hydrate.  In  the  same  solutions  poiassic  sulpho-cyanide 
strikes  a  deep  red  color,  and  potassic  ferro-cyanide  gives  a  deep 
blue  precipitate.  These  reactions  are  very  delicate,  and  enable 
us  to  detect  the  smallest  amount  of  a  ferric  compound,  even  in 
the  solution  of  a  ferrous  salt.  The  ferrous  compound,  under 
the  same  conditions,  ^ves  no  color  and  a  white  precipitate. 

338.  Chlorides.  Ji  (74  and  [ife^jCi^  — By  carefully  heating 
crystallized  ferrous  chloride  (336)  out  of  contact  with  the  air, 
the  anhydrous-compound  can  be  obtained;  but  a  solution  of 
ferric  chloride  cannot  be  rendered  anhydrous  by  evaporation, 
since  the  hydrous  compound  is  decomposed  by  heat  into  hydro- 
chloric acid  and  ferric  oxide.     Anhydrous  ferrous  chloride  can 
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also  be  obtained  by  passing  UtOl  over  igniled  melallic  iron. 
Aiiliydroiis  ferric  chloride  can  be  prepared  in  a  similar  way, 
using  Ol-Ol  instead  of  SUgi.  The  first  yields  a  white  subfi- 
mate ;  the  second,  which  is  the  most  volatile,  is  deposited  in 
brownish  crystalline  scales,  and  the  Sp.  Gr.  of  its  vapor  has 
been  determined.  There  are  fluorides,  bromides,  and  iodides 
corresponding  to  the  chlorides,  but  they  have  no  special  interest. 

339.  Oxides. -^FeO,  IFe^^O^  FelFe^^'iuO^.  —  Ferrous 
oside  may  be  prepared  by  boiling  in  the  surjounding  water  the 
voluminous  white  hydrate  obtained  when  an  alkali  is  added  to 
the  solution  of  a  pure  ferrous  salt,  every  trace  of  air  being  care- 
fully excluded.  If  exposed  to  the  air,  it  rapidly  absorbs  oxy- 
gen, and  ^Fe^"]  O3  is  the  final  result.  A  black  pyrophoric  pow- 
der, obtained  by  igniting  ferrous  oxalate  in  a  close  vessel,  is  a 
mixture  of  the  same  oxide  with  metallic  iron.  Ferric  oxide  la 
prepared  for  the  ai-ts  by  igniting  green  vitriol,  or  still  better, 
ferric  sulpliate.  It  forms,  even  when  most  highly  levigated,  a 
very  hard  powder,  much  used  for  polishing  glass  and  metallic 
surfaces  (Colcothar,  Crocus  Murtb,  Rouge).  It  is  also  used  as 
a  red  paint.  Ferrous-ferric  oxide  is  formed  when  either  of  the 
other  oxides  is  intensely  heated  in  the  air,  and  must,  therefore, 
be  regarded  as  the  most  stable  of  this  class  of  compounds.  It 
is  distinguished  by  its  susceptibility  to  magnetism,  and  its  crys- 
talline form  (74),  which  connects  it  with  Spinel  (352)  and 
other  allied  isoraorphous  compounds.  Besides  the  above,  one 
or  more  intermediate  oxides  have  been  distinguished,  but  they 
are  probably  mixtures  of  the  oxides  already  named.  As  has 
been  already  staled,  both  the  anhydrous  and  the  hydrous  oxides 
are  abundant  native  minerals,  and  important  ores. 

340.  SvJpkides.  —  The  fusible  product  obtained  by  melting 
togetiier  iron  and  sulphur,  and  so  much  used  in  the  laboratory 
for  making  HiS,  is  essentially  ferrous  sulphide,  FeS,  although 
its  composition  is  not  absolutely  constant.  The  same  compound 
may  be  formed  by  mixing  flowers  of  sulphur  and  iron-filings 
with  water,  and,  since  the  resulting  compound  forms  a  coherent 
masf,  this  mixture  is  useful  under  certain  conditions  as  a  ce- 
ment. Ferric  disulpliide,  FeS^  (Iron  Pyrites),  is  by  far  the 
most  abundant  of  the  native  metallic  sulphides.  It  occurs  in 
almost  all  mineral  veins,  and  is  known  to  the  miners  as  Mundlc. 
It  is  readily  distinguished  by  its  yellow  color  and  great  hard- 
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ness.  The  more  compact  varieties  are  very  resisting  minerals, 
but  tliose  of  a  looser  texture  rapidly  crumble  wlieu  exposed  to 
tlie  atmospliere,  and  tliis  is  especially  irue  of  the  orilioriiombio 
varlely  called  MarcasUe.  Tlie  crumbling  of  many  rocks  is  also 
caused  by  the  oxidation  of  !he  pyritea  whitli  they  contain.  Al- 
though useless  as  an  ore  of  iron,  common  pyrites  is  exceedingly 
valuable  as  a  source  of  sulphur,  and  for  the  manufacture  of  sul- 
phuric acid.  The  magnetic  sulphide  /"?,.%  has  already  been 
mentioned,  and  there  is  aUo  a  sulphide,  Fe^S^,  corresponding  to 
the  magnetic  oxide,  and  another,  Fe^Ss,  corresponding  to  ferric 
oxide.  Moreover,  sulphides  of  the  composition  Fe^S  and  Fe^S 
have  been  formed,  but  it  ia  doublful  whether  tliey  are  all  defi- 
nite compounds.  The  black  precipitates,  obtained  when  an 
alkaline  sulphide  is  added  to  the  solutions  of  ferrous  and  ferric 
Baits,  are  eiiher  sulpho-hyd rates  (241)  or  molecular  compounds 
of  the  sulphide  and  water.  They  are  both  very  unstable  prod- 
ucts, and  rapidly  oxidize  when  exposed  to  ihe  air. 

341.  Ferrates. —  Potassic  ferrate,  K^Oi-FeOi,  may  be  pre- 
pared either  by  fusing  ferric  oxide  with  niti-e  or  by  passing 
chlorine  gas  tlirough  a  very  strong  solution  of  potassic  hydrate, 
in  which  ferric  oxide  is  suspended.  Both  the  fused  mass  of  the 
first  reaction,  and  the  black  powder  deposited  from  the  alkaline 
solution  in  the  second,  yield  with  water  a  beautiful  violet-col- 
ored solution  of  potassic  ferrate.  This  compound  is  very  un- 
stable, and  has  merely  a  Ibeoretical  interest.  Ferrates  of  the 
alkaline  earths  are  also  known ;  but  neither  ferric  acid  nor  any 
compounds  corresponding  to  the  permanganates  have  as  yet 
been  discovered. 


and  Problems. 
Manganese. 

1.  By  whafsimple  blow-pipe  test  may  the  presence  of  manganese 
in  a  mineral  be  recc^nizedV  How  far  ia  tlie  color  of  the  manganese 
minerals  eharacteristie  ? 

2.  Compare  the  manganons  with  the  niccolous  and  cobaUoua  salts, 
nnd  show  to  what  extent  thpy  resemble  each  other,  as  well  aa  indi- 
cate the  points  of  diiference. 

3.  Compare  the  ammonio.salts  of  the  same  three  elements,  and 
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seek  the  cause  of  the  diflerenee  of  tbe  fffi'cts  wliicb  the  atmospheric 
air  produces  when  solutions  of  these  sails  are  exposed  to  its  inftuence. 

4.  Represent  by  graphic  symbols  the  constitution  both  of  mangan- 
0T1S  and  manganic  alum. 

5.  Write  the  reaction  of  potassic  hydrate  on  a  solution  ofraangan- 
ona  chloride,  and  the  further  rea<:tion  when  the  resulting  precipitate 
is  exposed  to  the  atmosphtric  air.  Assume  that  the  final  product  is 
manganic  hydrate. 

6.  Write  the  reaction  of  hydro-disodie  phosphate  and  amnionic 
hydrate  on  a  solution  of  manganous  chloride,  and  also  indicate  the 
further  change  which  takes  place  on  igniting  the  resirking  precipitate. 

7.  Make  a  list  of  the  oxides  of  manganese,  and  show  how  far  they 
correspond  to  the  oxides  of  nickel  and  cobalt  on  the  one  side,  and 
to  tliose  of  iron  on  the  other.  Make  also  a  similar  comparison  of  the 
different  hydrates.  Compare  also  the  different  oxides  and  hydrates 
as  reganis  their  relative  stability. 

8.  Of  the  metals  thus  far  studied,  which  are  precipitated  from  acid 
solutions,  and  which  only  from  alkaline  solutions,  by  h,Sf 

S.  By  what  solvents  may  tbe  sulphides  of  manganese  zinc  and 
cobalt,  when  precipitated  together,  be  separated? 

10.  In  what  other  way  may  manganese,  when  in  solution,  be  sep- 
arated from  nickel  and  cobalt? 

11.  To  what  relationship  does  the  crystalline  form  of  the  native 
carbonates  of  manganese  point  ? 

12.  By  what  means  may  manganese  be  separated  from  zinc  when 
both  are  present  in  the  same  solution  as  acetates  ?  If  they  are  in 
the  eoniiition  of  chlorides,  how  may  they  be  readily  converted  into 
acetates  ?  How  far  may  the  same  methods  be  used  to  separate  man- 
ganese from  the  metallic  radicals  previously  studied  ? 

13.  Write  the  reaction  of  the  atmospheric  oxygen  on  a  solution  of 
ammonio-manganous  chloride. 

14.  Write  the  reaction  of  chlorine  gas  on  manganous  carbonate 
suspended  in  water. 

15.  Represent  by  graphic  symbols  the  constitution  of  Pyrolusile, 
Braunite,  and  Hausraannite,  and  endeavor  to  harmonize  thecrjstal- 
lographic  relations  stated  above.  Take  also  into  consideration  the 
relations  of  JlfnOj  described  in  (23e). 

16.  Represent  by  graphic  symbols  the  constitution  of  Manganite 
and  Gothite. 

17.  Write  the  reaction  of  sulphuric  and  also  of  hydrochloric  acid 
on  each  of  the  three  oxides,  MnO^  M%0^  and  Mn^Ot- 
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18.  When  ft  mistnra  oT  MnO^  and  osalic  acid  is  heated  with  di- 
lute sulphuric  aeid,  the  produeta  are  manganous  sulphate  water  and 
carbonic  anhydride  gas.  Write  the  reaction,  and  valcutate  how 
much  CO,  would  be  formed  for  every  gramme  o£  MnO,  taken. 

19.  Can  you  base  on  the  reaction  just  written  a  method  of  deter- 
mining the  purity  of  the  commercial  "  black  oxide  of  manganese," 
which  is  frequently  a  mixture  of  the  different  native  oxides,  and  is 
eometimes  adulterated  with  sand. 

20.  Assuming  that  one  gramme  of  a  sample  of  the  commercial 
oxide  sets  free,  as  above,  0.Q54  gramme  of  CO^,  how  much  bleaching 
ealta  could  be  manufactured  witb  1,000  kilos,  of  the  oxide,  assuming 
that  tbe  symbol  of  the  bleaching  salts  is  {Ca-OyClj'i 

21.  Write  the  reaction  of  il/nO,  on  HCL-\-Aq,  assuming  that 
MnCl^  is  first  formed  and  substi^uently  decomposed  by  the  heat 
employed. 

22.  Represent  by  a  graphic  symbol  the  constitution  of  manganic 
and  manganous  alum.     (332)  and  (352). 

23.  State  the  distinction  between  the  two  clagees  of  manganio 
compounds,  and  illustrate  by  representing  the  constitution  of  il/n^O, 
first  as  a  normal  sesquioxide,  and  secondly  as  a  molecular  compound 
of  mangaoous  oxide  and  manganic  dioxide. 

24.  Compare  the  manganic  compounds  with  the  corresponding 
compounds  of  nickel  and  cobalt.  Consider  in  this  connection  the 
relative  stability  of  the  substances  compared. 

25.  Rt'preseiit  the  constitution  of  potassic  manganate  by  a  graphic 
symbol,  and  compare  this  with  the  graphic  symbol  of  potas^c  sulphate. 

26.  How  far  does  the  isomorphism  of  the  sulphates  with  the  man- 
ganates  indicate  the  quantivalence  of  the  metallic  radical  in  these 
compounils  ?  What  should  you  infer  from  the  great  difftrence  in 
the  stability  of  the  two  classes  of  salts  in  regard  to  the  sexivalent 
condition  of  manganese? 

27.  Analyze  reaction  [337],  and  show  that  it  turns  on  a  change 
of  quuitivalence  in  the  manganese  atoms. 

2S.  Is  it  necessary  to  assupe  a  i^imjlar  change  of  quantivalence  in 

29.  Represent  the  constitution  of  potassic  permanganate  by  a 
graphic  symbol,  both  on  the  assumption  that  the  atoms  are  octiva- 
lent  and  also  assaming  that  they  are  still  sexivalent.  Can  you  give 
any  reasons  why  one  symbol  should  be  more  probable  than  the 
other?  Does  not  the  fact  that  the  permanganates  are  more  stable 
than  the  manganates  have  a  bearing  on  the  question?  How  can 
you  reconcile  the  isomorphism  of  the  permanganates  and  the  per- 
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.   artlad    and  chlorine  a  perissad 

30.  Write  the  reaction  when  a  solution  of  manganous  chloride  is 
boiled  with  free  nitric  acid  and  plumbic  dioxide. 

31.  How  could  reaction  [339]  be  used  to  determine  the  amount 
of  iron  iD  a  given  solution '/ 

32.  What  do  you  regard  as  the  chief  characte rial ic  of  manganese 
as  compared  with  the  allied  metallic  radicals  ?  and  why  does  the  gtuiJy 
of  ils  compounds  have  a  peculiarly  important  bearing  on  chemical 
theories  ? 

33.  Does  not  the  study  of  the  manganese  compounds  indicate  a 
more  ralional  use  of  the  terminations  ous,  ic,  ile,  and  ale  in  the  no- 
menclature of  chemistry  ? 

34.  How  may  the  principles  of  the  nomenclature  stated  in  Chap- 
ter X.  be  extended  so  as  to  express  accurately  the  constitution  of  the 
more  complex  chemical  compounds  ?  Give  rules  based  on  your  own 
experience,  and  illustrate  them  by  examples.  Bear  in  mind,  how- 
ever, that,  according  to  the  best  usage,  the  Greek  numerals  are  em- 
ployed, rather  than  the  Latin,  as  prefixes. 

35.  Compare  the  native  compounds  of  manganese  and  iron,  and 
point  out  the  analogies  as  well  as  the  differences  which  you  observe. 

36.  Compare  tn  ihe  same  way  the  native  compounds  of  nickel  and 
cobalt  with  those  of  iron,  paying  special  attention  to  the  sulphides 
and  arsenides. 

37.  Compare  the  native  compounds  of  magnesium  and  zinc  with 
those  of  iron. 

3S.  The  mineral  Pisanite  indicates  what  relation  between  iron 
and  copper? 

39.  Why  is  not  Pyrites  included  among  the  orea  of  iron?  State 
some  of  the  circumstances  on  which  the  value  of  a  bed  of  iron  ore 
depends. 

40.  The  Sp.  Gr.  of  Pyrites  is  5.2,  that  of  Marcasite,  4.7,  and  that 
of  Mispickel,  S.2.     Compare  the  atomic  volumes  of  these  minerals. 

41.  Make  a  table  giving  the  symbols  of  the  minerals  isomorphous 
with  Iron  Pyrites  and  Marcasite  respectively. 

42.  Explain  the  theory  of  the  "  Blast  Furnace,'"  and  show  that 
the  formation  of  sl^sof  the  right  fusibility  is  essential  to  the  success 

I  Sea  Miller's  Chemistry  or  Percy's  Metallurgy 
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of  the  process,  and  tbat  tbe  proportion  of  flux  must  be  differently 
adjusieil  according  as  cold  or  hot  blast  is  used. 

43.  The  Blag  formed  bolh  in  the  bloomery  foi^'  and  in  the  pud- 
dling process'  is  a  very  fusible /erroHs  silicate,  having  approximately 
the  composition  FefO^SL  Explain  the  theory  of  thete  processes, 
and  show  that  the  great  fusibility  of  tbe  elag  is  an  eesentiul  condition 
of  the  produciion  of  wrought-iron.  Could  the  loss  of  iron  in  the  slag 
be  avoided  ?  How  do  you  account  for  the  low  quantivalence  of  iron 
in  this  product  ?  To  what  mineral  does  it  correspond  in  composition  ? 

44.  Esplain  the  tbeory  of  the  Bessemer  process'  for  refining  cast- 
iron  or  making  steel,  and  compare  it  with  the  puddling  process. 
Consider  especially  the  effects  of  the  very  high  temperature  attained 

45.  Compare  together  the  qualities  of  iron  in  its  three  conditions 
of  cast-iron,  wroughtriron,  and  steel. 

46.  Stale  the  differences  between  the  several  varieties  of  cast-iron, 
gray,  mottled,  white,  and  spiegeleisen. 

47.  When  white  iron  is  dissolved  in  acid,  all  the  carbon  is  con- 
verted into  a  volatile  hydro-carbon  oil,  while  under  similar  circum- 
stances gray  iron  leaves  a  large  residue  of  graphite.  What  conclu- 
Non  do  you  draw  from  these  fiicls  ? 

48.  Write  the  reaction  when  iron  bums. 

49.  Write  the  reaction  when  steam  is  passed  over  red-hot  iron. 

50.  Write  the  reaction  when  iron  rusts,  assuming,  lat.  That  the 
metal  draws  tbe  oxygen  wholly  from  the  air;  2d.  That  water  is  de- 
composed and  ammonia  formed. 

51.  Write  tbe  reaction  of  an  aqueous  solution  of  carbonic  acid  on 
iron,  assuming  that  no  air  is  present.  What  is  tbe  nature  of  the  solu- 
tion thus  obtained  (279)  ? 

52.  Write  the  reaction  of  dilute  sulphuric  acid  on  iron,  and  in- 
quire hon  much  the  acid  should  be  diluted  in  order  to  obtain  the  best 
elfect.  In  prcpai'lng  ferrous  sulphate,  why  is  it  best  to  use  ferrous 
sulphide  instead  of  metallic  iron/ 

53.  Writ«  the  rational  symbol  of  dipotassic-ferrous  sulphate,  and 
compare  its  constitution  with  that  of  the  isomorpbous  ferrous  sulphate 
(33G). 

54.  Compare  the  sulphates  of  magnesium,  zinc,  manganese,  and 
iron,  as  regards  the  varying  quantities  of  water  of  crystallizalJon 
with  which  the  several  salts  may  combine. 

1  See  JlUlec's  ChemLstry  or  Percy's  Metnllurgj'. 
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95.  Pare  ferrous  nitrate  may  be  obtained  by  dissolTing  ferrous 
sulphide  in  dilute  niiric  add. '   Write  the  reaction. 

56.  When  nietallic  iron  is  dissolved  in  dilute  nitric  acid,  the  prod- 
ncla  are  ferrous  nitrate,  animonic  nitrate,  and  water.  Write  the  re- 
action and  compare  it  with  the  last. 

67.  Write  the  reaction  of  nitric  acid  (common  strengtii)  on  iron, 
asBuming  that  the  products  are  ferric  nitrate  and  nitric  oxide. 

58.  Point  out  the  ferroiw  and  ferric  compounds  among  the  symbols 
on  pages  378  and  379,  and  determine  in  each  ease  the  ratio  which 
the  quantivalence  of  the  acid  radical  bears  to  that  of  the  basic  radi- 
cals, both  R^  and  [/?.]!. 

59.  Ferrous  phosphate  is  formed  by  precipitation  on  adding  com- 
mon sodio  phosphate  to  the  solution  of  a  ferrous  salt.     Write  the 


60.  Ferrous  oxalate  is  obtained  on  adding  amnionic  oxalate  to  a 
solution  of  ferrous  sulphate.     Write  the  reaction. 

61.  Write  the  reaction  which  takes  place  when  sodic  hydrate  is 
added  to  a  cold  solution  of  ferrous  sulphate,  the  air  being  wholly  ex- 
cluded. What  further  change  takes  place  if  the  liquid  is  boiled  in 
■which  the  precipitate  is  suspended  'I 

62.  Write  the  reaction  of  ammonic  Eulpbitle  on  a  solution  of  fer- 
rous sulphate,  assuming  that  the  precipitate  fixes  two  molecules  of 

G3.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  ferric 
sulphate,  assuming  that  the  constitution  of  the  produi.'t  Is  analogous 
to  that  formed  when  the  same  reagent  is  added  to  a  solution  of  m^- 
uesic  sulphate. 

64.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  ferrous 
chloride,  first,  when  the  solution  is  cold,  secondly,  when  it  is  boiling. 

65.  Ferric  hydrate  dissolves  in  a  solution  of  acid  potassic  oxalate, 
forming  potaraio-ferric  oxalate.  Write  the  reaction.  What  practical 
application  may  be  made  of  it  ? 

66.  Normal  ferric  oxalate  is  precipitated  when  a  slight  excess  of 
any  ferric  salt  is  mixed  with  a  solution  of  ammonic  oxalate.  ^Vrite 
the  reaction.  The  precipitated  ferric  oxalate  readily  dissolves  in  a 
solution  of  oxalic  acid.  What  compound  is  probably  formed  ?  When 
this  solution  is  exposed  to  the  sun, /en*oua  oxalate  is  precipitated,  and 
COj  is  evolved.    Write  the  reaction, 

67.  A  solution  of  ferrous carbonnte  in  (C0,-\-  A//)  deposits,  when 
exposed  tj>  the  air,  a  hydrate  having  the  composition  of  I.imonite. 
Write  the  reaction.     Under  what  circimistances  might  you  expect 
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that  a  solution  of  furroua  carbonate  would  be  formed  in  nature,  re- 
membering that  the  soil  contains  more  or  less  ferric  hydrate  ?  Under 
wh  rLumatancea  would  Siderite  be  deposiwd  from  such  ehaljbeate 
■w  ra  (  )  ?  Can  you  form  any  theory  which  accounts  for  the 
f  beds  of  Siderite  (clay  iron-stone)  in  connection  with  the 

8  I  k  a  table  of  the  possible  ferric  hydrates,  and  point  out  the 
re  dt  he  native  hydrates  in  your  auheme. 

6      B    means  of  the  table  made  as  just  directed,  show  in  what  re- 
h    d  fl'erent  native  sulphates,  phosphides,  and  arseniates  stand 

0  M  ke  a  taMe  illustrating  how  many  nitrates,  sulphates,  or 
phosphates  may  be  formed  corresponding  to  any  one  of  the  possible 
hydrates. 

71.  Represent  by  graphic  symbols  the  constitution  of  the  basic 
sulphate  O^lFe^fO^^SO,. 

72.  When  to  the  solution  of  a  ferric  salt  an  alkali  is  added  until 
it  begins  to  oecBsion  a  permanent  precipitate,  and  the  solution  is 
then  raised  to  the  boiling  point,  the  whole  or  the  greater  part  of  the 
iron  is  precipitated  as  an  insoluble  basic  salt.  How  do  you  explain 
the  reaction  ? 

73.  Starting  with  a  molecule  of  a  ferric  «alt  show  what  products 
would  result  by  the  afim  lation  of  suoi,e''si>e  molecules  of  ferric 
hydrate.  Again,  starting  with  one  or  more  of  tl  e  complex  mole- 
cules thus  obtained,  and  el  minat  ng  all  the  po'«  hie  nioIei;ult>6  of 
water,  show  whnt  must  be  the  constitution  of  the  basic  salts  which 
■would  then  be  formed. 

74.  Have  j-ou  observed  that  the  solub  lity  of  salts  in  water  baa 
any  connection  with  the  number  of  atoms  ol  typical  hydrogen  they 
contain  ?     Cite  examples  in  favor  of  this  theory. 

75.  Cite  different  cases  in  which  water  is  eliminated  from  a  mole- 
cule on  boiling  the  liquid  in  which  the  compound  is  dissolved  or 
suspended. 

76.  When  anhydrous  ferrous  sulphate  is  heated  to  redness,  as  in 
the  processof  making  Nordhausen  sulphuric  acid  (249),  it  is  resolved 
into  ferric  oxide  and  into  sulphurous  and  sulphuric  anhydrides. 
Write  the  reaction. 

77.  The  Nordhausen  acid  is  now  more  frequently  made  by  distil- 
ling anhydrous  ferric  sulphate.  Write  the  reaction,  and  show  how 
the  sulphate  may  be  regenerated  and  the  same  oxide  used  over  and 
over  again. 
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78.  How  could  the  reactions  [313]  and  [3flD]  be  used  fo  deter- 
mine the  relative  amounla  of  the  two  iron  radicals  in  a  given  mineral, 
assuming  that  it  could  be  brought  inlo  solution  without  changing  the 
atomic  condition  of  the  metal  V 

IS.  Baric  carbonate  precipitates  all  the  iron  from  ferric,  but  not 
any  of  the  metal  from  ferroia  solutions.  Moreover,  ferrous  hydrate 
precipitates  ferric  hydrate  from  the  solutions  of  ferric  salts.  Write 
these  reactions,  and  discuss  the  different  relations  of  the  two  iron  rad- 
icab  to  which  the/  point. 

80.  By  what  characteristic  reactions  may  the  atomic  condition  of 
iron,  when  in  solution,  be  easily  determined? 

81.  Can  one  condition  of  iron  be  eaid  to  be  more  stable  absolutely 
than  the  other  ? 

82.  What  two  wholly  distinct  rebtionships  does  iron  manifest? 
Trace  the  lines  of  connection  in  e     '  "  ' 
cific  characters  by  which  iron  is  n 
groups  of  allied  elements. 

83.  By  what  character  are  the  elements  classed  with  aluminum 
chieSy  marked  ? 

84.  Compare  the  reaction  of  {HCl  -^-Aq^tm.  Ni,0^  Cofi^,  Mu,0^ 
Fefig,  and  show  (hat  the  dilFerences  depend  on  the  relative  stability 
of  the  several  hexad  radicals. 

85.  In  what  way  may  magnesium,  zinc,  nickel,  cobalt,  and  mao- 
ganese  be  separated  from  aluminum,  chromium,  and  iron  ? 

86.  Is  there  any  reason  for  believing  that  in  crystallized  ferric 
chloride  the  water  forms  a  part  of  the  salt  molecule  ?  Write  the 
reaction  which  takes  place  when  the  salt  is  healed. 


88.  Write  the  reactions  of  Uli^l  and  of  01-®1  on  ignited  metJillic 
iron.  Why  should  a  ferrous  compound  be  formed  in  the  first  case 
when  a  ferric  compound  is  formed  in  the  second  ? 

89.  When  MnO^  is  melted  into  glass  colored  green  by  ferrous  ox- 
ide, the  color  is  either  wholly  removed,  or,  when  originally  very  deep, 
is  changed  to  3-elIow,  How  do  you  explain  this  reaction,  and  also 
the  other  familiar  blow.pipe  reactions  of  ferric  oxide  with  a  borax 

90.  Ferric  oxide,  obtained  by  drying  the  hydrate  at  a  temperature 
not  exceeding  320",  dissolves  easily  in  acids;  but  if  healed  to  a  low 
red  heat,  it  suddenly  glows,  becomes  denser,  and  after  this  dissolves 
in  acids  with  difficulty.     Are  you  acipainted  with  similar  facts  ia 
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regard  fo  any  other  metallic  oxides  ?  It  is  observed  ttat  tlie  ignited 
oxide  disaolvea  without  diffieulty  in  (HCl  -|-  Aq)  when  the  action  is 
aided  by  ferrous  ehloride,  zinu,  stannous  chloride,  or  some  other  re- 
daeing  agent.     How  do  you  explain  the  reaution? 

fll.  Write  the  reactJon  when  FeS^  is  burnt  in  a  current  of  air,  as- 
suming that  the  products  are  Fe/i^  and  SOp  and  calculate  how 
tuuL'h  sulphuric  acid,  Sp.  Gr.  1.501,  caa  be  made  from  1,000  kilos. 

92.  In  one  process  of  purifying  coal  gas,  the  ff,S  is  absorbed  by 
moist  ferric  oxide,  and  the  suipliide  thus  tijrnied  ia  subsei^uently 
exposed  to  the  air,  when  the  oxide  ia  "regenerated."    Esplain  the 

flS.  Pyrites  appears  to  be  formed  in  nature  by  the  deoxidation  of 
calcic  sulphate,  by  means  of  organic  matter  in  presence  of  chalybeate 
waters,  and  crystals  have  been  formed  artificially  on  twigs,  in  solu- 
tions of  ferrous  sulphate.     Bxplain  the  reaction. 

94.  When  SO^  is  passed  through  an  alkaline  solution  of  potassic 
ferrate,  lerric  oxide  is  precipitate'l,  while  potassic  sulphate  is  formed 
in  the  Eolution.  Write  the  reaction,  and  show  that  it  may  be  used 
to  determine  the  constitution  of  the  ferrates. 

95.  The  sl^  of  a  blast-furnace  is  essentially  a  double  silicate  of 
aluminum  and  calcium,  in  which  the  alomk  ralio'  of  the  two  basic 
radicals,  Ca-  and  t-^^]!,  is  one  to  two.  In  the  less  fusible  slags  the 
total  quaiiti valence  of  all  the  basic  radicals  is  equal  to  that  of  the  sil- 
icon, while  in  the  most  fusible  sl^s  it  is  only  one  half  of  that  amount. 
Write  the  symbols  of  these  silicates,  assuming  (as  is  usually  the  case) 
that  the  calcium  is  partially  replaced  by  magnesium  and  iron, 

0  between  the  total 
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3i2.  chromium:.  Cr  =  52.2.  —  Sometime?,  although 
rarely,  bivalent.  Usually  eiiher  quadrivalent  or  sexivalent. 
Many  of  the  compounds  of  this  element  have  a  brilliant  color, 
and  are  used  as  paints,  and  the  name  is  dented  from  xp"/"* 
(color).     The  only  important  native  compounds  are 

Cliromite  (Chrome  Iron)     Isometric       Fe,[pr^y»iOt, 
Crocoite  MonocUnic    Pb=0.fCrO.^ 

The  first  is  the  ore  from  which  all  the  chrome  pigments  used  in 
the  arts  are  indirectly  prepared.  It  has  an  iron-black  color, 
and  has  been  found  in  abundance  at  a  few  localities,  associated 
with  serpentine.  The  second,  although  a  very  rare  mineral,  is 
well  known  on  account  of  its  brilliant  red  color,  and  in  it  the 
element  chromium  was  flrst  discovered  (by  Vauquelin  in  ]  797). 

343.  Metallic  Ckromiuni  may  be  prepared  by  reducing  CVj  O3 
with  carbon  at  a  very  high  temperature,  and  still  more  readily 
bypeducingCfaC^a  with  zinc,  magnesium,  or  the  alltal in e  metals. 
On  account  of  its  very  great  infnsibility,  it  has  never  been  ob- 
tained in  compact  masses,  and  its  qualities  are  therefore  imper- 
fectly known.  The  whitish-gray  porous  mass,  formed  when  (he 
oxide  is  reduced  by  carbon,  has  a  Sp.  Gr.  of  5,9.  It  is,  like 
cast-iron,  a  combination  of  the  metal  with  carbon,  and  consists 
of  grains,  which  are  as  hard  as  corundum.  The  crystalline 
powder,  obtained  by  reducing  the  cliloride  with  zinc,  has  a  Sp, 
Gr.  of  6.81,  and  is  undoubtedly  a  purer  condition  of  the  metaL 
When  in  fine  powder,  chromium  takes  lire  below  redness ;  but 
in  its  more  compact  forms  it  resists  oxidizing  agents  as  well  as 
aluminum,  and  acts  towards  the  different  mineral  acids  in  a 
similar  way. 

344.  Chromous  Compounds.  —  This  class  includes  all  those 
compounds  of  chromium  in  which  the  element  is  bivalent;  but, 
since  its  atoms  in  this  condition  have  still  four  strong  affinities 
unsatisfied,  the  compounds  of  this  order  are  all  very  unstable. 
The  most  important  is  CrCli,  which  is  obtained  by  heating 
C'r^Cle  to  redness  in  a  current  of  dry  hydrogen.  Tlie  white 
powder  thus  formed  gives  a  blue  solution  with  water,  whicli, 
however,  rapidly  absorbs  osygen,  and  becomes  green  when  ei- 
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posed  to  the  air,  Chromous  hydrate,  which  falls  as  a  dark  brown 
preci[)itate  on  adding  caustic  potash  to  the  bige  solution,  even 
decomposes  water  with  evolution  of  hydrogen.  The  most  stable 
of  the  chromous  salts  is  K^Cr^OflSOjJi .  GH^O,  which  forma 
beautiful  blue  crystals  isomorphous  witt  the  correspomding  fer- 
rous salt 

345.  Chromic  Compounds.  —  In  these  compounds  the  ele- 
ment is  quadrivalent,  but  they  all  contain  the  sexivaJent  radical 
[  Oj].  The  eommerdal  chromic  oxide  is  a  brilliant  green  pow- 
der, which  is  very  much  used  in  the  arts,  not  only  as  a  commcm 
paint  (cliiome  green),  but  also  as  a  vitrifiable  pigment,  since  it 
icnpai'ts  a  beautiful  green  color  to  glass  and  to  the  glazing  of 
porcelain  ware.  It  may  be  prepared  from  the  chromates  in  a 
great  variety  of  ways,  as  is  illustrated  by  the  following  re- 

4[Hs,]=0,=CrO,  =  2[Cr.]Oo  +  SlSg  +  5®^®.  [345] 

(»H4),=0/Cr,0i  ~  CCr.]Oj  -f  ^^^®  +  ^''^-  [3*6] 

4(gri®a,(gi2  =  2[Cr,]f03  +  4(31-^1 4-  ®^®.  [347] 

[Cr,]i»3  +  2KCI  +  2®=®.  £348] 

The  first  two  reactions  are  obtained  by  simply  igniting  the  solid 
chromates.  The  third,  by  passing  the  vapor  of  cbloro-chromic 
anhydride  through  a  red-hot  porcelain  tube,  and  the  last,  by 
passing  chlorine  gas  over  ignited  potassic  dichromate.  By  the 
third  reaction  the  oxide  may  be  obtained  in  definite  rhombohe- 
dral  crystals  (.S^.  Gr.  5.21),  which  have  the  form  and  hardness 
of  specidiir  iron,  and  even  the  amorphous  commercial  oxide  is 
BO  hard  that,  wiien  finely  leviga(«d,  it  may  be  used  like  rouge 
for  polishing  glass.  In  this  hai-d  condition  the  oxide  is  almost 
insoluble  in  acids.  There  is,  however,  a  less  dense  condition  of 
the  oxide  (obtained  by  cautiously  heating  the  hydrate),  which 
dissolves  freely  in  all  the  mineral  acids.  It  has  a  darker  color, 
and,  like  ferric  oxide,  changes  suddenly  with  incandescence  into 
the  insoluble  modification,  if  heated  above  a  definite  point.  At 
the  highest  temperatures  chromic  oxide  does  not  lose  oxygen, 
and  cannot  be  reduced  by  hydrogen.  It  may  be  melted  by  the 
heat  of  a  forge  fire,  and  the  molten  oxide  forms,  on  cooling,  a 
very  hard  dark-green  crystalline  solid. 
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There  are  a  number  of  chromic  hydrates  corresponding  to  (he 
ferric  hydrates  ;  but  Ihe  different  compounds  cannot  be  isolated 
as  readily,  and  their  Eymbols  have  not  been  as  accurately  deter- 
mined. Wlien  sodic  or  potassic  hydrate  is  added  to  the  solu- 
tion of  a  cliromic  salt,  the  chromic  hydrate  first  precipitated  is 
dissolved  by  an  excess  of  the  reagent,  but  the  precipitate  reap- 
pears on  boiling  the  liquid.  These  precipitates  retain  a  portion 
of  the  alkali,  which  mudiiies  the  qualities  of  the  hydrate,  and 
this  circumstance  renders  ibe  inveaiigation  of  tliese  compounds 
very  difficult.  The  only  way  to  procure  a  pure  hydrate  is  to 
precipitate  with  ajnmania  from  boiling  solutions.  The  light- 
blue  precipitate  thus  obtained  retains  from  one  to  Feven  mole- 
cules of  water,  according  to  the  conditions  under  which  it  is 

The  soluble  chromic  salts  affect,  as  a  rule  at  least,  two  modi- 
fications. In  one  stale  they  have  a  violet  color,  and  crystallize 
more  or  less  readily,  while  in  the  other  they  have  a  green  color, 
and  are  uncry stall! zable.  Thus  we  have,  besides  an  anhydrous 
chromic  sulphate,  which  ia  red  and  insoluble,  the  two  following 
hydrous  salts:  — 

Violet  Sulphate  (soluble  and  crysl.)  [OJIOJC^'O,), .  IhH^O, 
Green       "      (soluble  but  uncryst.)  [O-jl0J(5'0J»  .    bH^O. 

The  second  is  obtained  by  healing  the  crystals  of  the  first  to 
100°.  But  the  water  thus  driven  off  cannot  be  wholly  water  of 
crystallization,  for  on  simply  boiling  a  solution  of  Ihe  violet 
compound  the  same  change  of  color  and  crystalline  character 
takes  place.  There  is  evidently  an  essential  alteration  in  the 
molecular  structure  of  the  compound,  but  further  than  this  we 
have  as  yet  no  knowledge. 

The  beat  known  of  the  chromic  salts  is  chrome  alum,  which 
is  easily  prepared  from  commercial  potassic  bichromate  by  the 
reactipQ. 

(K^-O^^Or^O^  -\-  fffOfSO^  +  3S0^  +  Aq)  = 

(A;[ft-s]TLj08v«i(5'0,)4  +  H,0  -(-  Ag).  [349] 

This  salt,  like  the  other  alum?,  crystallizes  with  24ifiO  in  octa- 
hedrons having  a  dark  purple  (nearly  black)  color,  but  which, 
when  sufficiently  thin,  transmit  a  beautiful  ruby  red  tint.     Care 
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mast  be  taken  in  reducing  the  chromate  (hat  the  temperature 
of  the  solution  does  not  nse  too  high,  for  above  70°  or  80°  (he 
change  above  desciibed  takes  place,  and  the  salt  loses  its  power 
of  erys!  alii  zing.  By  keeping,  however,  ihe  green  soluiion  thus 
formed  for  several  weeks,  it  gradually  recovers  its  violet  color, 
and  then  will  yield  (he  normal  crystals. 

346.  The  Chromic  Oxalates  form  two  interesting  series  of 
double  salts.  Those  of  the  first  class  Lave  a  dark-blue,  and 
those  of  the  second  class  a  ruby-red  color.     Thus  we  have 

Blue  Salt  K,lCr^y>iO,^u(C^O,)a  .  ZH^O, 

lied  Salt  .&'s.[Os]riuO„.i.L((7,0,), .  8H^0  or  12^,0. 

Ammonia  gives  no  precipitate  in  solutions  of  these  salts,  neither 
does  polasjic  hydrate,  until  they  are  boiled.  Corresponding 
compounds  are  known  containing  {NH^^  Na^,  Ba,  Sr,  Ca,  or 
Mt/  in  place  of  K^  but  with  varying  quantities  of  water  of  crya- 
tallizatiun. 

347.  Chromic  Ifilrale  may  be  obtained  in  dark  purple  crys- 
tals having  the  composition  lOrs']tOfi{N'02)t  ■  187^0,  by  dis- 
solving chromic  hydrate  in  nitric  acid,  but  the  solution  becomes 
green  and  uncryslallizable  if  healed  beyond  a  limited  degree. 

348.  Chromic  Chloride,  [tVjjIC/j,  is  prepared  by  passing 
chlorine  gas  IhrougU  an  intimate  mixture  of  chromic  oxide  witU 
carbon,  heated  to  intense  redness  in  a  crucible  [126],  when  the 
chloride  sublimes  and  may  be  condensed  in  a  second  crucible 
covering  the  mouth  of  the  first.  It  forms  nacreous  scales  which 
have  a  beautiful  peach-blossom  color,  and  resist  the  action  of 
the  strongest  acids.  They  we  insoluble  in  cold  water,  and  even 
in  boiling  water  only  dissolve,  if  at  alt,  very  slowly ;  but  singu- 
larly, on  the  addition  of  the  smallest  quantity  of  chromous  chlo- 
ride, they  dissolve  immediately,  generating  much  beat,  and 
forming  a  green  solution  identical  with  that  obtained  by  dissolv- 
ing chromic  hydrate  in  hydrochloric  acid.  A  solution  of  the 
corresponding  viokt  chloride  may  be  formed  by  adding  baric 
chloride  to  a  solution  of  the  violet  sulphate ;  and  it  is  worthy  of 
notice  that,  while  from  this  last  solution  ai^entic  nitrate  predp- 
itates  the  whole  of  the  chlorine,  it  only  precipitates  from  a  so- 
lution of  the  green  compound  one  third  of  its  chlorine,  unless 
the  liquid  b  boiled.      Green  crystals   having  the  composition 
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[ft-jJCy^ .  12/^0  have  been  described,  and  compounds  of  chro- 
mic chloride  with  the  alkaline  chlot'ides  are  also  known. 

Besides  the  remarkable  mod ifical ions  of  the  chromic  sails  de- 
scribed above,  most  of  ihem  manifest  a  strong  tendency  to  form 
basic  compounds,  but  the  principle  which  (hey  illustrate  has 
been  already  sufficiently  discussed  (337). 

349.  Cklorhydrinfs.  —  When  hydrated  chromic  chloride  is 
dried;  it  gives  off,  as  the  temperature  increases,  both  water  and 
lijdrochlortc  acid,  and  compounds  are  formed  which  occupy  an 
intermediate  position  between  chromic  chloride  and  chromic 
hydrate,  and  may  be  regarded  as  derived  Irom  the  former  by 
replacing  one  or  more  atoms  of  chlorine  with  hydroxyl.     Thus 

Chromic  Chloride  iOr^'\iCl^, 

Chromic  Penta-chlorhydrine  [  CV,]  I  Ck  ,  Ho  .  iff,  0, 

Chromic  Tetra-chlorhydrine  [Ci-jJlCT,  ,  Ho^ 

Chromic  Dichlorhydrine  [CrJICTj  ,  ^o„- 

Cliromic  Hydrate  [  CVaJlflbc. 

The  name  chhrhydnnes  is  now  generally  applied  lo  bodies 
of  this  class,  and  it  can  easily  be  seen  ihal  they  may  he  formed 
from  water  and  the  anhydrous  chlorides  by  a  simple  metathesis. 
The  compounds,  whose  symbols  are  given  in  (225)  and  (2G3), 
may  be  regarded  as  having  a  similar  constitution,  and  the  same 
is  true  of  many  other  oxychlorides,  osyfluorides,  &e. 

350.  Chromates  or  Compounds  in  which  Chromium  is  Sexiv- 
tdenf.  —  These  are  the  most  dmrai^eristic  and  imporlant  of  the 
compounds  of  this  element,  and  the  best  known  of  all  is  potmsio 
dichromate,  which  is  manufactured  on  a  large  scale  in  the  arts, 
and  extensively  used  both  in  dyeing  and  in  the  preparation  of 
various  chrome  pigments.  It  is  made  from  native  chrome  iron, 
which  is  reduced  to  fine  powder  and  roasted  on  the  hearth  of  a 
reverberatory  furnace  with  a  mixture  of  chalk  and  potassic  car- 
bonate. The  mislure  is  constantly  stirred  to  hasten  the  oxida- 
tion, and  the  chalk  facilitates  the  change  by  retaining  the  mass 
in  a  porous  condition.  From  the  product,  water  dissolves  yel- 
low polassic  chromate,  which  is  easily  converted  into  the  red 
dichi-omate  by  the  addition  of  nitric  acid,  and  the  salt  is  then 

HosleaoyGoOgle 


§350.]  CHKOMIUSI  403 

separated  and  purified  by  repealed  eryslallizations.  Tliere  are 
three  potaasic  thromates,  all  of  ivhicb  yield  anhydrous  crystals 
easily  Boluble  in  water. 

Potassic  Chromate  (Tellow)  KfO^-CrO^ 

Potassic  Dicliromate  (Orange  Red)  K^-OfCr^Oa 

Potassic  Tricliromate  (Dark  Red)  KfO^'CisOg. 

The  normal  salt  is  isomorphous  with  potassic  sulphate.  It 
mells  when  healed,  and  ia  not  decomposed  by  simple  ignition  ; 
but  when  heated  with  reducing  agents  it  yields  chromic  oxide 
mixed  with  some  potassic  salt.  When  in  solution,  it  has  an 
alkaline  reaction,  and  is  converted  intotlie  dichi'omate  by  the 
weakest  acids.  The  dicbromate  aUo  fuses  without  decomposi- 
tion, but  when  heated  to  a  high  temperature  it  is  converted  into 
the  normal  salt  and  chromic  oxide.  In  solution  it  has  an  acid 
reaction,  and  on  the  addition  of  potassic  hydrate  changes  to  the 
normal  salt.  Both  salts  possess  great  coloring  power.  The 
triehromale  has  merely  a  theoretical  interest. 

In  another  process  of  manufacturing  the  commercial  chro- 
mates  the  chrome  ore  is  simply  roasted  with  lime.  There  is 
thus  formed  the  normal  cahdc  chromate,  which,  although  itself 
only  partially  soluble  in  water,  is  converted  by  digestion  with 
dilute  sulphuric  acid  into  a  dicliromate,  which  is  very  soluble, 
itnd  from  this  solution  the  other  chromate  may  be  easily  obtained 
by  simple  metaihetical  reactions.  The  chromates  both  of  cal- 
cium and  strontium  dissolve  readily  in  dilute  acetic  acid,  while 
ba,ric  chromate  is  insoluble  in  this  reagent;  and  on  this  fact  is 
based  an  important  method  of  qualitative  analysis. 

There  are  two  plumbic  chromates,  which  are  not  only  impor- 
tant pigments  and  dyes,  but  are  also  interesting  theoretically. 
Their  symbols  are  usually  written  thus :  — 

Plumbic  Chromate  {Chrome  Yellow)        Ph^O^'OO^, 
Diplumbio      "        (Chrome  Orange)        (Pb-0-Pb)-Oi-CrO^ 

The  first  falls  as  a  brilliant  yellow  precipitate  when  a  soluble 
chi'omate  is  added  to  a  solution  of  plumbic  acetate,  and  corre- 
sponds to  the  mineral  Crocoite.  It  melts  at  a  moderate  heat, 
forming  on  cooling  a  red  crystalline  solid ;  but  when  strongly 
ignited  it  is  decomposed,  and  a  mixture  of  the  second  compound 
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with  chromic  oxide  is  the  result.  The  dipliimhic  chromate  has 
a  deep  orange  or  red  color,  according  lo  the  mode  of  prepara- 
t  on  The  finest  vermilion -red  is  made  by  fusing  the  yellow 
chromile  i  uh  nitre,  and  wasiiing  out  the  potassium  salt  with 
I  ater  uh  le  an  orange  color  is  obtained  in  dyeing  by  passing 
the  clotl  ll  rougli  boiling  lime-water,  after  chrome  yellow  has 
been  fixed  m  its  fibres  by  steeping  it  successively  in  solutions 
of  plumb  c  acetate  and  polassic  bichromate. 

Several  other  metallic  chromates,  which  are  easily  prepared 
by  precipitation,  are  used  in  painting;  but  the  coloring  power 
of  the  chrome  pigments  iS  so  great  that  they  are  frequently 
adulterated  with  ehalk  or  some  similar  white  material,  and  the 
tint  is  varied  by  mixing  them  with  other  paints.  One  variety 
of  chrome  green  is  a  mixture  of  chrome  yellow  with  Prui-sian 
blue. 

The  chromates  are  oxidizing  agents,  and  fused  plumbic  chro- 
mate is  sometimes  used  for  this  purpose  in  organic  analysis. 
When  heated  with  atj-ong  sulphuric  acid  ihey  evolve  oxyg>!n  gas 
[230] ;  with  hydrochloric  acid  they  evolve  chlorine,  and  in  boih 
cases  chromic  salts  are  formed. 

From  the  chromates  we  can  easily  prepare  chromic  anhydride, 
CrO^,  and  the  comparative  stability  of  this  compound  illustrates 
most  markedly  the  chief  characteristic  of  the  element  chromium. 
The  anhydride  is  most  readily  obtained  hy  pouring  one  meas- 
ure of  a  saturated  solution  of  potassic  dichrom&te  into  one  and 
a  half  measures' of  concentrated  Bulphuric  acid.  As  the  liquid 
cools,  chromic  anhydride  crystallizes  from  it  in  sjilendid  crim- 
son needles.  This  beautiful  compound  is  permanent  in  ihe  air, 
and  meliB  at  190°  without  undergoing  decomposition  ;  but  at  a 
higher  temperature  it  gives  off  oxygen  gas,  changing  first  into  an 
intermediate  brown  oxide,  Gr^Oi^  and  afterwards  into  Cr^O^. 
It  deliquesces  in  moist  air,  and  dissolves  in  water  in  all  propor- 
tions. This  solution  may  be  regarded  as  chromic  acid,  but  the 
solution  on  evaporation  yields  crystals  of  the  anhydride,  and  we 
have  no  evidence  that  a  definite  compound  is  formed.  It  is  a 
very  powerful  oxidizing  agent,  find  absolute  alcohol  inflames 
when  brought  in  contact  with  Ihe  crystals. 

Cklorockromic  Anhydride,  OIO^C^  a  componnd  of  the 
same  type  as  the  last,  is  distilled  when  a  mixture  of  potassle 
dichromate,  common  salt,  and.  sulphuric  acid  is  heated  in  a  glass 
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retort.  It  ia  a  blood-red  volatile  liquid,  boiling  at  118°,  and 
yielding  a  vapor  wtiose  5p.  ®r.  (5.52)  t-an  be  e:isily  determined. 
It  is  at  once  decompo^d  by  water  into  hydroeliloric  aciil  and 
cbromtc  anijyiiride,  and,  like  the  last,  is  a  powei-fiil  oxidizing 
rigeut ;  but  it  is  chiefly  inleresling  from  its  theoretical  beaiings;. 
The  existence  also  of  CrCl^  and  CrClf  has  been  inferred  from 
certain  reaction?,  but  they  have  never  been  isolated. 

When  potassic  dichromate  is  dissolved  in  moderately  strong 
hydrochloric  acid  at  a  gentle  heat,  there  separate,  on  cooling, 
beautiful  orange-colored  needles,  of  a  salt  whose  composition 
way  be  represented  by  the  symbol  CriOi,Cl,Ko  or  K-0\Cri 
0.i,C[),  and  another  compound  has  lieen  obtained  whose  symbol 
las  been  written  Gr\0.^,Gl,Ho  .  'iH.fil  Their  theoretical  re- 
lations are  obvioua. 

Another  interesting  compound  belonging  to  the  type  of  chro- 
mic anhydride  is  the  Huoride,  OJ'b.  It  distils  when  a  mixture 
of  iluor-?par,  plumbic  chromate,  and  sulphuric  acid  are  healed 
in  a  leaden  retort,  and  may  be  condensed  (iu  a  perfectly  dry 
leaden  receiver  kept  at  a  very  low  temperature)  to  a  blood-red 
liquid ;  but  the  moment  it  comes  in  contact  with  tnoist  air  it  is 
decomposed  into  hjdroifuoric  acid  and  chromic  anhydride,  and 
this  reaction  is  one  means  of  preparing  the  anhydiide  m  a  state 
of  purity. 

Lastly,  there  appears  to  be  a  perchromic  neid  corresponding 
to  llie  permanganic  acid.  The  compound  in  question  ii  formed 
when  to  a  solution  containing  peroxide  of  hydrogen  and  fiee 
hydrochloric  or  sulphuric  acid  is  added  a  small  quantity  of  bome 
chromale.  On  shaking  up  the  mixture  with  a  few  drops  of 
ether,  this  solvent  acquires  a  deep  blue  color,  which  ia  supposed 
to  be  due  to  perchromic  acid,  and  the  reaction  serves  as  a  very 
delicate  test  for  chromium. 

351.  Suiphides.  —  The  sulphides  of  chromium  are  unimpor- 
tant The  black  precipitate  formed  when  ammonic  sulphide  ia 
added  to  the  solution  of  a  chromous  salt  ia  probably  CrS.  A 
sesquisulphide,  Gf^S^  may  also  he  obtained  as  a  black  powder 
by  passing  H^S aver  ignited  Cr^Clg.  Like  aiuminic  sulphide, 
it  is  decomposed  by  water,  and  cannot,  therefore,  be  formed  in 
an  aqueous  solution. 
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Quesliong  and  Problems. 

1.  In  wbat  order  would  you  classify  the  elements  allied  to  chro- 
mium, regarding  only  tbe  sUbiiity  of  the  compounds  in  whii^h  tbey 
act  hs  bivalent  radicals?     Make  a  table  illustraung  this  puiut. 

2.  In  wbat  order  would  you  classify  the  same  elements,  regarding 
alone  tbe  stability  of  the  several  radicals  [fijl?  Compare  tl.e  qual- 
ities of  the  sereral  oxides  and  chlorides  of  these  radicals. 

3.  What  is  the  chief  chemical  characteristic  of  cbroniium?  and 
how  jfl  this  illustrated  by  reactions  [346]  to  [818]  ? 

4.  Can  you  form  any  theory  as  to  the  cause  of  the  difference  be- 
tween the  btue  and  green  modifications  of  tbe  chromic  salts  'i  Com- 
pare (337). 

5.  Blue  chromic  oxalate  is  made  by  boiling  a  solution  of  19  parts 
of  potassic  dichromate,  23  of  potassic  oxalate,  and  55  of  crystallized 
oxalic  acid.  The  red  salt  is  m>ule  in  the  same  way  with  ID  parts  of 
the  dichromate,  and  o5  of  oxalic  acid  only. 

chro 

7.  Explain  tbe  two  methods  of  making  potassic  dichromate,  and 
illustrate  the  process  by  reactions. 

8.  Represent  bj-  graphic  symbolfl  the  constitution  oi  the  tliree  po- 
tas^c  cbromates. 

9.  The  plumbic  chromates  may  all  be  represented  as  contninins;  the 
radical  ((hPbj),  incliidinj  the  very  rare  mineral  Phrenicochroite, 
which  contains  23.1  CrO,  and  76.9  PbO.  Write  the  pymbola  of  the 
three  chromates  on  this  »^uniption,  and  weigh  their  prohahilily  as 
compared  with  those  given  Hbove,  Compare  the  reactions  of  the 
plumbic  with  those  of  the  potassic  salts,  and  consider  what  bearin" 
the  general  isomorphism  of  the  chromates  with  the  sulphates  has  oa 
the  question  (29G). 

10.  lllustratebyreactiona  the  method  of  dyeing  cloth  with  chrome 
orange. 

11.  Write  the  reaction  of  strong  hydrochloric  acid  on  potassic  di- 
chromate, assuming  that  the  principal  products  are  chromic  chloride 
and  chlorine  g<is. 

13.  IVhen  //,S  is  p^issed  through  a  solution  of  potassic  dichromate 
supersaturated  with  sulphuric  aeld,  sulphur  is  precipitated,  and  the 
color  changes  from  red  to  green.     Write  the  reaction. 

13.  A  solution  of  potassic  dichromate  supersaturated  with  sul- 
phuric acid  is  much  used  instead  of  nitric  acid  in  the  porous  cup  of 
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Grove'i  or  Bunsen's  voltaic  cell  (30).     What  ia  the  theory  of  its 

14.  When  a  solution  of  potassic  dichromate  supersaturated  with 
aulphurii!  aciil  is  boiled  with  oxalic  acid,  all  the  chromic  acid  is  re- 
duced to  the  condition  of  a  chromic  salt,  and  an  equivalent  amount 
of  CO,  is  set  free.  Writ*  the  reaction,  and  show  how  it  may  be  used 
to  datermine  the  quantity  of  CrO,  in  the  dichromate. 

15,  The  chromium  in  a  soluble  chromate  may  also  be  eetimated  as 
sesquioxide.  By  what  reactions  may  this  oxide  be  separated  in  a 
condition  to  be  accurately  weighed? 

IG.  How  may  potassic  ehromate  be  nsed  to  separate  barium  from 
calcium  and  strontium? 

17.  It  has  been  found  by  careful  experiment  that  10  grammeB  of 
chromic  anliydride  yield  7.6048  grammes  of  ebroinii;  oxidy.  We 
know  also  the  Sp-  Gr.  of  chlorochromlc  anhydride,  and  that  this  com- 
pound when  brought  in  contact  with  water  undei^oes  the  thange 
described  above.  Deduce  the  atomic  weight  of  chromium,  and  state 
the  steps  in  your  reasoning. 

18.  Write  the  reaction  by  which  chlorochromic  anhydride  is  ob- 
tained in  the  reaction  described  in  the  text.  It  may  also  be  made 
by  difitilling  in  a  small  retiirt  a  dry  mixture  of  ferric  chloride  and 
chromic  oxide.     Write  the  reaction. 

19.  What  is  the  relation  of  the  compound  KCrO,Cl  to  potassic 
ehromate   on  the  one  side,  and  chloroehromic  anhydride  on  the 

20.  Write  the  reaction  by  which  CrF,  is  obtained  in  the  reaction 
described  above.  It  may  also  be  prepared  by  distilling  a  mixture  of 
potassic  dichromate,  ammonic  fluoride,  and  sulphuric  acid.  Write 
the  reaction. 

21.  Chromic  fluoride  is  decomposed  by  glass,  and  for  this  reason 
■we  have  not  been  able  to  analyze  it,  or  to  determine  the  density  of 
its  vapor  satisfactorily.  Its  constitution  is  inferred  from  the  pro- 
ducts of  its  reaction  with  water.     Is  the  conclusion  trustwortby  ? 

22.  Writ*  the  reaction  of  ammonic  sulphide  on  a  solution  of 
chrome  alum.  - 
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352.  ALUMINUM.  J/ =  27.4.  —  Tetrad,  but  its  com- 
pounda  all  coutaia  the  double  atom  \_A(^'\  =  54.8,  whiuh  is  a 
hexiid  radical.  A  very  widely  distributed  element,  and,  afler 
oxygen  and  silicon,  the  most  abundant  constituent  of  the  rocky 
crust  of  the  globe,  of  which  it  has  been  estimated  thul  it  forms 
aboul  one  twelfth.  It  occurs  chiefly  in  combination  with  oxy- 
gen and  silicon,  and  most  of  the  siliceoos  minerals,  and  rocks, 
when  not  pure  siiica,  contain  aluminum  bA  an  essendal  ingredi- 
ent. For  a  full  enumeration  of  the  aluminum  mineruls,  the  stu- 
dent must  consult  works  on  mineralogy.  The  JijUowing  list 
comprises  only  such  of  the  more  eharacierislic  native  comitounds 
as  illustrate  the  chemical  itlalion^  of  the  e 


JFivorides. 
Cryolite  Orthorhombic    {^AQF^  ■  CNaF, 

Cbiolite  Tetragonal         [Al^^Fs .  SlfaF, 

Pachnolite  Monoclimc         iAQF^.3lGa,Na^']F^.2ff,0, 

Thomsenolite       Monoclinie         [ ^4]-^^ .  2[  Ca,2fa^]  F3 .  tH^  0. 


Spinel  (Ruby) 

Gahnite 

Hercynite 

Corundum,  Sapphire,  Orii 

Amethyst,  &c 
Emery 


Gibbsite 
Eeauxite 
fiiaspore 


Oxides. 

Isometric  Jl^.[^4]'"i04, 

Isometric  Zii.[jy  vmO„ 

Isometric  Fe,lA{i]^iiOt, 

mtal  Ruby,  Oriental  Topaz,  Oriental 
Hexagonal  [-l^]iOa, 


Hydrates. 

Hexagonal 

Massive 

Orthorhombic 


O[Fe^A/.r\i0,^/ft, 
OilAL^'OiH^ 
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Salphatee. 
Alunogen  Monoclinic  lA^\lO${SO^i .  ISff^O, 

Alumimte  Massive  0^lACyO,/(SO^)  .  Qlf^O, 

Paraiuminite      Massive  0:,^[Alil,^0^={SO.J  .  lbJ/^0, 

Alum-stone  (Alnniie) 

Rhombohedral   K^lAU']3'^0^,'^{SO^),Jf,t,  or 


Octahedral  Alums. 
Potassium  Alum  Isomelric       ^j,[  jy  vitLO^viii(SO,)i .  24ffjO, 
m        "       {Nff,)^lAQmO,-^SO,)t.2iIfA 


Pickeringite  Fibrous         Afff.lAl^'j'-MOMSO^)^ .  'iiH.fi, 

Apjolinite  Fibrous         jI/«.[^/,]viuO„-iii(50,), .  22/^,0, 

HalotricUite  Fibrous  ^,[^;,] -« iSg-iiiC^Oj), .  ^^H^O. 


Lazulite  Monoclinic  H^Mg\^Ai;\^O^^y.P^ 

Turquois  Keniform  Oi\_Ai:\^\0}{P0)^ 

Wiivdlite       Orthoi'hombic     [i4]j..iiiOi8-iii(Pt>)i,5'a .  ^Sfi. 


Andalusite 

Ortho rhombic  \ 

Cyaiiite 

Monooiin: 

ic      i 

Topaz 

Onhorhombic 

JV^rfspo 

\TS. 

AnoMhite 

Triclitiic 

Labradoriie 

Triclinic 

[ifc^l 

Leucite 

Isometric 

Olijioclafla 

Triclinic 

[Ca,i» 

Albite 

Triclinic 

Oithodase 

Monoclinic 
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Glayi. 

Kaolinite        Orthorhombic  H^lAlP^-'mOg'i^^Sh  ■  H^O, 

Halloysiie       Massive  ^^.[^y  .liiOa-iiiAVj .  2H^0, 

Pjrophyllite  Orthorhombic  B^.^AI^y^O^^^iSiiO^, 

Agalmatolile  Massive  i/s.[^y 'luOsviu^/^O,. 

Zeolites. 
Thomsonite  Orthorhombic  \_Na^  C«].[^?j]  viu Os'Hi^'i,  .  ^HiO, 
Natrolite  Ortlioriiombic         iV«j[^y  vinOj-iiiAVgOi  .  -ZH^O, 

Scolecile         MonociJiiic  C'a.[^?j],iiiO,vLii54C), .  ZH^O, 

Analcime        I-ometrie  ifi(2,[J4]  .m0«-iii5/,0j .  'iH,0, 

Chabazite        Hexagonal  C«,[J?Jviii0„.iiL5,;0i .  dH^O, 

Harmotome     Orthorhombic         Ba.{_A}2'\-'i<i0s-'aiSI^0t .  5B,0, 
Heulandile      Monodinic  Ca,[A/{\,mOg--iiiS/tOa .  5JJ^0, 

Stilbite  Onliorhombic  Ca,lAfs}m0^ymSieQi .  GB^O. 

To  this  list  may  be  added  ihe  Garnets,  Ihe  Scapdites,  Ihe 
Epidoles,  tlje  Micas,  and  tlie  Chloriles.  all  large  and  important 
groups  of  minerals,  which  are  chiefly  siljcatea  of  aluminum,  but 
which  present  difierencea  of  compo^-itioo  similar  (o  lliose  illus- 
trated above.  It  is  impossible,  however,  in  the  present  stale  of 
the  science,  to  deduce  fj-om  the  results  of  the  analj-sis  of  many 
of  these  minerals  any  satisfaclory  or  probable  rational  formula. 
The  mineral  Lapis  La/uli  is  a  remaikahle  illustration  of  this 
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from  the  rarer  minerals  Alum-stone  and  Eeauxile,  tlie  alums 
and  other  soluble  aalla  of  aluminum  are  pi'epared.  Cryolite, 
now  imported  from  Greenland  in  large  quantities,  has  become 
an  important  source  of  soda-ash.  The  feldspars,  and  more  im- 
mediately the  days  which  result  from  their  di.-^inlegration,  are 
largely  used  in  the  manufacture  of  porcelain  and  the  varioua 
kinds  of  earthenware.  The  coarser  claja  furnish  the  material 
for  bricks.  The  slates,  the  porphyrie^i,  the  granites,  the  tra- 
chytes, the  green  stones,  the  lavas,  and  other  rocks,  rieh  in 
aluminum,  are  used  in  building;  but  the  other  aluminoiia 
minerals,  wilh  few  exceptions,  find  no  important  applications 
in  the  arts. 

353.  MetaSic  Aluminum.  —  Readily  obtained  by  reducing 
either  the  cldoride  or  Ihe  native  fluoride  (Cryolite)  with  metal- 
lic sodium.  It  haa  a  brilliant  white  lustre,  and  possesses  to  a 
high  degree  all  the  qnalilies  of  a  useful  metal.  It  has  a  low 
specific  gravity  (2.5C),  but  still  a  very  great  tenacity.  It  is 
singularly  sonorous.  It  is  very  malleable  and  duciile.  It  is  an 
excellent  conductor  of  heat  and  electricity.  It  has  a  high  melting 
point,  although  somewhat  lower  than  that  of  silver.  It  does  not 
tarnish  in  the  air,  and  the  molten  metal  does  not  oxidize,  even 
when  healed  to  a  high  temperature.  Its  present  value,  which 
depends  solely  on  the  cost  of  extraction,  greatly  limits  the  ap- 
plicationa  of  aluminum  in  the  arts;  but,  nevertheless,  it  is  used 
to  a  limited  extent  for  cheap  jewelry,  and  in  a  few  philosophi- 
cal instrument-i,  where  it  is  important  to  combine  lightness  with 
strength.  An  alloy  of  copper  with  about  ten  per  cent  of  pure 
aluminum,  called  aluminum  bronze,  has  the  color  of  gold,  and 
an  almost  equal  power  of  resisting  atmoapheric  agents. 

Neither  sulphuric  nor  nitric  acids,  when  cold  and  sufiieienlly 
diluted,  attack  aluminum,  and  nitric  acid  dissolves  it  only  slowly 
when  concentrated  and  boiling.  Hot  sulphuric  acid,  however, 
when  not  diluted  with  more  than  three  or  four  parts  of  water, 
dissolves  it  rapidly  with  Ihe  evolution  of  hydrogen  gas.  The 
best  acid  solvent  is  hydrochloric  acid,  which  acta  on  the  metal 
at  the  ordinary  temperature  even  when  greatly  diluted ;  but, 
singularly,  the  metal  dissolves  almost  equally  well  in  a  solution 
of  caustic  Boda  or  potash ;  and  a  comparison  of  the  two  following 
reactiona  will  make  evident  one  of  the  most  important  features 
in  the  chemical  relations  of  this  metal. 
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A1=AI  +  ifiH-Cl  +  Aq)  = 

{{M-AqiCk  +  Aq)  4-  3SI-ia.  [350] 

AliAI  +  (GiVao-jy  +  ^?  =^ 

{[iV«o,it-i^-^0  -i-  Aq)  -I-  31I!-)II.  [351] 

354.  Compounds  m  which  [-4/j]  is  the  Basic  Radical.  —  The 
compoundj  ot  this  class  are  isomorplious  with)  Biid  resemble  in 
almost  every  respect,  excepling  color,  the  cor  1*68 ponding  feirie 
ealt.  Like  the  last,  they  have  a  great  tendency  to  furm  bnsie 
salt."!,  and  ilii'y  exhibit  in  general  the  same  reaGtiotis  whi::li  have 
been  ali'eady  described  (337).  Tlie  use  of  ihe  soluble  aluminic 
Baits  in  the  arts  depends, —  Ist.  Upon  their  tendeucy  to  form 
insoluble  basic  compounds,  and  2d.  Upon  the  tact  that  these 
basic  compounds,  including  the  bydratea,  eagerly  absorb  the 
soluble  oi-ganic  extracts  used  as  dyes.  'VVIien  organic  listues, 
yarn  or  cloth,  are  dipped  into  a  solution  of  u  basic  aluminic  salt 
(compare  note  to  page  386),  or  when  in  Ibe  process  of  calico- 
printing  a  similar  prepamtion  is  transfeiTed  to  the  surface  of 
the  fabric  in  regular  designs,  the  insoluble  basic  compounds,  just 
referred  lo,  are  formed  in  the  very  fibre  of  the  material,  and  be- 
come still  more  firmly  incorporated  when  the  tissue  is  exposed 
to  the  action  of  mr,  steam,  or  oUier  agents  in  the  process  known 
i£  ageing.  If  now  the  yarn  or  cloth  thiis  prepared  is  dipped 
■  in  a  dye-vat,  the  alutninic  compound  entangled  in  the  fibre  will 
seize  and  hold  the  coloring  matter,  and  hence  the  name  of  mor- 
dants, from  mordeo  {to  take  fast  hold  of),  applied  to  the'e  prep- 
arations of  aluminum.  The  basic,  felrie,  chrotaie,  and  Htannic 
salts  act  in  a  similar  way,  and  are  also  used  as  tnordants ;  but 
while  the  coloriess  aluminic  salts  take  the  true  color  of  the  dye, 
the  others  modify  the  tint  lo  a  greater  or  less  extent  Hence, 
in  the  process  of  calico-printing,  various  co'ots  are  obtimed  from 
the  same  baih,  after  the  design  has  been  prinled  on  the  cloth, 
with  the  appropriate  mordants.  When  salts  of  aluminum  aie 
mised  in  solution  with  dye-stuffs,  and  decompo-ed  by  an  alka- 
line reagenl,  ihe  insoluble  hydi^te  or  basic  silt  thus  formed 
carries  down  a  large  amount  of  the  eolonng  matter  ind  Ihe  e 
colored  pi-ecipitate^i,  when  dried,  are  used  ai  pigment=i  {Lake\  ) 
Of  the  soluble  salts  of  aluminum,  which  miy  be  used  a^  mor. 
dants,  the  most  important  are  the  alums,  whoae  symbols  have 
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already  been  given  (352).  They  alone  crystallize  readily,  and 
can  tlierelbre  be  easily  manufactured  on  a  large  scale  in  a  eonr 
dition  whicli  insui'es  purity.  The  alkatine  sulpbaie  which  ihe^ 
contain,  alihougb  it  delenninea  the  peculiar  crygtalliue  tltoraC' 
ter  of  tbese  double  ealti,  is  wholly  worthless  to  the  dyer,  and  it 
depends  chiefly  on  the  ruling  price  whether  ihe  ammonic  or  tiie 
polassic  salt  is  employed  in  their  manufacture.  Sudic  alum  doea 
not  crjsiallize  readily,  anti  is  therefore  never  used.  The  alu- 
minic  sulpliate,  wliicli  is  the  only  useful  port  of  the  aliims,ia 
generally  obtained  by  decomposing  clay  or  shale,  after  it  has 
been  roasted  at  a  low  red  heat  with  sulphui'ic  acid.  It  is  made 
in  large  quantities  in  Enj^land  and  Germany  from  a  b't  n  'n  us 
shale,  found  among  the  lowest  beds  of  the  coal  m  asures  I  1 
contains  a  large  quantity  of  iron  pyrites  disspm  na  ed  il  ough 
the  mass.  When  this  alum  schist,  or  alum  ore  as  C  s  calle  1 
is  slowly  burnt,  one  half  of  the  sulphur  of  (he  ( y  tes  c 
verted  into  sulphuric  aoiil,  which  at  once  decomposes  a  por  on 
of  the  alumluic  silicate  that  the  sbale  contains,  thus  y  eld  ng  a 
certain  amount  of  aluminic  sulphate.  At  the  same  time  ferrous 
sulphaleis  formed  by  the  oxidation  of  the  residue  of  the  pj-rites, 
and  when  the  roaaied  mass  is  lixiviated  with  water  botli  salts 
dissolve.  Lastly,  on  adding  to  the  solution,  after  concentration, 
potassic  or  ammonic  sulphate,  alum  is  formed,  which  is  sepa- 
rated from  the  ferrous  salt  by  crystallization. 

A  small  amount  of  potassium  alum  is  made  in  the  Roman 
Stales  from  Alum-stone  (352).  This  mineral,  when  roa-ted 
and  exposed  for  several  months  to  the  action  of  air  and  moial- 
nre,  crumbles  into  a  sort  of  mud,  which,  wben  lixiviated,  yields 
the  well-known  Roman  alum. 

Within  the  last  few  years  the  use  of  alum  has  been  in  a 
measure  supepseded  by  the  introduction  into  commerce  of  pure 
aluminic  sulphate,  which  is  made  by  the  direct  action  of  sul- 
phuric acid  on  some  of  the  purer  varieties  of  clay,  and  freed 
from  iron  by' means  of  sodic  ferro-cyanide.  This  reagent  is 
added  to  the  solution  so  long  as  it  occasions  a  blue  precipitate, 
and  after  this  settles  the  clear  liquid  is  decanted  and  evapo- 
rated. The  residue  is  known  as  cmcentraled  alum.  The  salt 
may  be  crystallized  in  small  scales,  which  have  the  composition 
given  below. 

A  solution  of  basic  aluminic  acetate  is  also  much  used  as  a 


oy  Google 


414  ALUMINUM.  [§355. 

mordant,  especially  for  madder  reds,  under  tlie  name  of  red 
liquor.  It  1^  prepared  by  adding  plumbic  acetate  to  a  solution 
of  alum.  The  only  iraporlant  soluble  salts  of  aluminum,  whicli 
have  not  yet  been  mentioned,  are  the  cbloride  and  nitrate. 

Aluminic  Chloride  [^yiC^  .  IS^^O, 

Aluminic  Nitrate  [^y  IOJ(ii'0;)s  .  IS^iO, 

Aluminic  Sulphale  IAI^]W3(.S0^^  .  1&H.,0. 

Tlie  reactions  of  the  aluminic  salts,  when  in  solution,  differ 
from  Ihose  of  the  corresponding  ferric  salts  chiefly  in  the  fact 
that  tlie  wliite  aluminic  hydrate,  which  is  precipitated  by  the 
alkaline  reagents,  dissolves  easily  and  perfectly  in  an  excess 
of  either  potassic  or  sodic  hydrate.  A  compound  of  aluminum 
may  generally  be  recognized  by  the  blue  color,  which  is  obtained 
when  the  solid,  previously  moistened  with  a  solution  of  cobjdtic 
nitrate,  is  intensely  heated  in  the  oxidizing  flame  of  the  blow- 
pipe. 

355.  Compounds  m  which  [^Al^"]  is  the  Acid  Radieed.  —  So- 
dio  aluminate,  the  same  compound  which  is  formed  by  [351], 
is  now  manufactured  on  a  large  scale  from  Beauxite.  The  pul- 
verized mineral,  mixed  with  sodic  carbonate,  is  lieated  to  bright 
redness,  and  the  soluble  aluminate  thus  formed  separated  from 
the  insoluble  residue  by  lixiviation  and  filtration.  On  evapo- 
rating the  clear  solution  (in  vacuo),  a  white  amorphous  solid  is 
obtained,  which  has  the  composition  already  given.  From  so- 
lutions of  this  com|>ound  aluminic  hydrate  is  precipitated  oti  the 
addition  of  any  soluble  acid,  or  even  on  exposure  to  the  carbonic 
acid  of  the  atmosphere,  and  this  new  cummercul  product  may 
^e  used  with  great  advantage  as  a  eubsiitute  foi  alum  A  re- 
martable  reaction  occurs,  when  solutions  of  alummic  chloride 
and  sodic  aluminate  are  mixed  together  m  atomic  proportions, 
illustrating  the  singular  twofold  relations  which  tlie  radical 
\Al^.raa.-y  suslaia. 

([^yiCT,  +  Na^.Ol{_Ak-\  +  6/^0  +  Aq)  = 

2[A]iCJ^6+(6iRi(7/-j-^5).  [352] 

Although  other  alumloates  may  be  prepared,  the  salt  just 
described  ts  the  only  noteworthy  example  of  this  class  of  com- 
pounds. Spinel,  however,  and  the  allied  minerals,  may  be 
regurdtid  as  meta-aluminates. 
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356.  Jluminic  Chloride,  [^/j]iCi^  ia  the  only  compound  of 
aluminum  with  chlorine.  It  is  made  by  passing  clilorine  gas 
into  a  mixture  of  aluminic  oxide  with  carbon,  healed  intensely 
in  an  earthen  retort,  when  the  chloride  distils  over  and'  con- 
denses in  the  receiver  in  yellowish- while  crystalline  scales.  It 
is  a  fuaible  solid,  which  volatilizes  at  a  temperature  only  a  few- 
degrees  above  its  melting- poinl,  and  the  Sp.  Gr.  of  its  vapor 
confirms  the  theory  of  its  constitution  generally  accepted.  It 
eagei'ly  unites  with  water,  but,  like  ferric  chloriJe,  it  cannot  be 
recovered  by  evaporation  when  once  dissolved.  It  forms  double 
gaits  with  the  alkaline  chlorides,  and  one  of  these,  [jyiC^j . 
2NaCl,  playa  an  important  part  in  the  preparation  of  atumijium. 

357.  Aluininic  Oxide,  AljO^,  forms,  as  we  have  seen,  the 
mineral  Corundum.  It  may  be  obtained  artificially  by  igniting 
either  ammonia,  alum,  or  the  hydrate  obtained  indirectly  from 
Beauxite  (352),  It  is  a  hygroscopic  white  powder,  which  ad- 
heres to  the  tongue,  but  does  not  become  plastic  when  mixed 
with  water.  It  affects,  like  ferric  oxide,  two  conditions,  and  the 
change  from  one  to  the  other  is  accompanied  in  like  manner 
by  a  sudden  incandescence.  It  may  be  fused  by  the  compound 
blow-pipe,  and  the  resulting  transparent  bead,  like  corundum, 
has  a  hardness  only  inferior  to  that  of  diamond.  Moreover, 
colored  crystals,  resembling  the  ruby  and  the  sapphire,  have 
been  obtained  by  art. 

358.  Aluminic  Sulphide,  [^/Jl.^  is  formed  when  finely  di- 
vided aluminum  is  burnt  in  the  vapor  of  sulphur  It  is  a  black 
powder,  which  is  rapidly  decomposed  by  water  into  IL^S  and 
[^yiOi|/^  Hence  H^S  does  not  under  any  conditions  pre- 
cipitate aluminum  from  solutions  of  its  eahs,  and  the  precipi- 
tate obtained  with  the  alkaline  sulphides  is  simply  the  normal 
hydrate. 

Questions  and  Problems. 

1.  IVTiy  is  not  the  atomic  weight  of  aluminum  donbied  according 
to  the  principle  of  (19)  ? 

.   Can  tbe  composition  of  tlie  native  fluorides  of  aluminum  be 
ressed  by  unitary  symbols  (69)  ?     Can  you  devise  a  process  by 
which  sodic  carbonate  may  be  made  from  Cryolite? 

3,    Compare  together  the  minerals  isomorphous  with  Spinel  (352), 
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(333),  (3^2),  and  show  in  what  two  ways  their  conslitution  may  be 
exprtased. 

4.  Compare  the  crystalline  form  and  hardness  of  corundum  with 
those  of  the  allied  sesquioxidea. 

5.  Compare  the  native  aluminic  with  the  native  ferric  hydrates, 
and  show  how  many  of  the  pa-sihle  hydrates  are  represented  among 
the  naiive  alumlnit;  salts.  Use  the  table  of  ferric  hjdraies  already 
made  (Pro^  68,  Div.  XI.). 

6.  The  symbol  of  Chrysoberyl  may  be  written  after  the  type  of 
Spinel.    What  argument  may  be  urged  for  the  form  given  above? 

7.  Alake  a  tabic  of  the  known  compounds  of  the  two  alum  types. 

8.  On  what  prineiple  are  the  aluminic  silicates  classiSed,  and  how 
do  the  several  members  of  each  group  differ  from  each  other  ? 

9.  Delermine  the  atomic  ratios  between  the  various  radicals  in 
the  several  aluminic  salts,  sulphates,  phosphates,  and  silicates.  Con- 
sider, first,  the  ^mple  acid  Todicals,  and  secondly,  the  compound  acid 
radicals  in  these  minerals. 

10.  What  inference  should  you  draw  from  a  comparison  of  the 
symbols  of  the  different  aluminum  compounds  as  regards  the  isomor- 
phism of  cali:ium  with  the  a,lkaline  radicals? 

11.  Some  varieties  of  PyrophylSite  closely  resemble  Steatite.  By 
nhat  simple  blow-pipe  teat  can  the  two  minerals  be  distinguished  ? 

12.  Write  the  reaction  of  sodium  on  sodio-aluminio  chloride  or 
fluoride,  and  calculate  how  much  aluminum  can  be  obtiuned  theo- 
retically for  every  kilogramme  of  sodium  employed. 

13.  How  does  the  Sp.  Gr.  of  alunnnum  compare  with  that  of  the 
other  useful  metals? 

14.  Write  the  reaction  of  ni 
aluminum,  assuming  that  nitrii 
hydrogen  gas  in  the  second. 

15.  Compare  reactions  [350]  and  [351],  and  point  out  the  differ- 
ent relations  of  the  radical  [.!/,]  in  the  two  cases. 

IS.  Explain  the  peculiar  relations  of  the  aluminic  splits  on  which 
their  use  as  mordants  depends. 

17.  Write  the  reaction  which  takes  place  when  sodic-carbonato  is 
added  to  a  solution  of  alum,  so  long  as  the  precipitate  first  formed  is 
redissolved,  assuming  that  in  the  basic  aluminic  sulphate,  which  ru- 
mens in  solution,  the  atomic  ratio  between  the  basic  and  acid  radi- 
cals (SOJ  h  as  3:1. 

18.  What  are  the  relative  intrinsic  values  of  potasBium.alum,  am- 


oy  Google 


QUESTIOKS   AKD   PROBLEMS.  417 

moni  Tim -alum,  and  crj'staDizfd  aluminic  sulphale,  taking  as  the  stand- 
ard the  quantity  of  normal  aluminiu  hydrate  which  can  be  obtained 
from  eat:hV  On  what  does  the  preference  given  to  the  alums  as 
mordants  chiefly  rest  ? 

19.  Explain  and  ilfustrate  by  reactions  the  proL'ess  of  manufactur- 
ing alum  trom  the  alum  shales,  and  also  from  pure  olay. 

20.  Illustrate  by  reactions  the  change  of  Alum-stone  into  alum 
in  the  manufacture  of  Itoman  alum. 

21.  If  a  portion  of  the  water  obtained  in  the  analyses  of  Aluminit* 
and  Paraluminite  is  water  oi'  constitution,  how  may  the  symbols  be 
written  7 

22.  WHte  the  reaction  of  plumbic  acetate  on  a  solution  of  alum, 
assuming  that  in  the  basic  acetate,  which  remains  in  solution,  the 

23.  What  are  the  two  chief  differences  between  the  chemical  rela- 
tions of  iron  and  aluminum  V     LIustrate  the  difierences  by  reactions. 

24.  Explain  and  illustrate  by  reactions  the  method  of  manufactur- 
ing Bodic  aluminate.  By  what  test  could  you  determine  when  all 
the  soda  has  been  converted  into  sodic  aluminate?  Why  e 
solution  in  VI 

25.  Write 
plain  the  use 

26.  Analyze  reaction  [352]. 

27.  Show  how  Spinel  could  be  derived  from  a  tetrahydro-magne- 
sic  aluminate. 

28.  Write  the  reaction  by  which  aluminic  chloride  is  fbnned,  and 
show  that  the  Sp.  Gr.  of  its  vapor  confirms  the  theory  of  its  consti- 
tution generally  accepted, 

29.  Write  the  reaction  which  tikes  place  when  a  solution  of  alu- 
minic chloride  is  evaporated  to  dryness.  Consider  whether  the  pro- 
duct formed  by  the  union  of  the  anhydrous  chloride  with  water  ought 
to  be  regarded  as  a  chemical  compound,  and,  if  so,  endeavor  to  rep- 
resent its  constitution  by  a  rational  symbol. 

30.  Compare  the  reactions  of  ammonie  sulphide  on  an  aluminic 
and  on  a  ferric  salt,  and  explain  the  cause  of  the  difference- 
Si.  In  what  order  would  you  classify  the  several  radicals  [-Rj]!, 

regarding  their  electro-negative  relations  ? 
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Divisions  XIV.  to  XVI. 

359.  THE  PLATINUM  METALS.-  — TUe  six  mefals 
■whicli  follow  aluminum  in  our  classification  (Table  II.)  are  al- 
ways found  in  the  native  state,  alihough  more  or  less  alloyed 
witb  each  other.  "Platinum  Ore"  is  found  in  several  coun- 
tries, but  at  least  nine  tenths  of  ihe  commercial  supply  cornea 
from  the  Ural.  It  is  everywhere  obtained  by  washing  alluvial 
material,  generally  in  small  rounded  metallic  grains,  although 
masses  of  considerable  size  are  occasionally  found.  The  follow- 
ing analyses  by  Deville  and  Debray  will  give  an  idea  of  its 
composition :  — 

Ft  Au          F»         Ir  Rh  Fd  Cu  Ir-Os  ^nd 

ChOCO                 86.20  1.00  7.80  0.S5  1.40  0.5O  0.60  0,95     0.9S 

California           85.50  0.80       6.75  1.05  1.00  0.60  1.40  1.10     2.95 

Oregon               51.45  0.85  4  30  0.40  0.65  0.15  2.15  37.30     3.00 

Australia           61.40  1.20  4.55  1.10  1.^5  1.80  !.10  26.D0     1.20 

Russia                76.40  0.40  11.70  4.30  0.30  1.40  4.10  0.50     1.40 

In  this  ore  the  grains  of  "  Native  Platinum,"  which  have  a  steel- 
gray  color,  are  always  more  or  less  mixed  with  those  of  a  dis- 
tinct mineral  species  called  "Iridosmine,"^  which  have  usually 
a  lighter  color,  and  consist  chiefly  of  iridium  and  osmium,  al- 
loyed with  small  quantities  of  rhodium  and  ruthenium.  Hence 
from  Ihe  above  analyses  the  amounts  of  iridosmine  {Ir-Os)  and 
sand  must  be  subtracted  in  order  to  obtain  the  composition  of 
native  platinum  proper. 

In  the  old  method  of  manufacturing  platinum,  the  ore  is 
treated  with  aqua-regia,  which  dissolves  the  platinum  and  the 
metals  directly  alloyed  with  it,  but  does  not  affect  the  iridos- 
mine,  the  titaniferous  iron,  and  other  resisting  minerals,  which 
are  frequently  mixed  wilh  the  "Native  Platinum."  To  the  so- 
lution thus  obtained,  when  brought  into  suitable  condition,  am- 
monia chloride  is  added,  which  precipitates  all  the  platinum 
[176]  as  ammonio-platinie  chloride.  This  precipitate,  when 
ignited,  leaves  the  metal  in  a  pulverulent  condition  (phitinum 

1  Iridosmine  Is  frequently  associated  with  Coliforaia  gold,  and  is  separated 
from  it  St  the  Assay  Offices  in  considerable  quantities.  Being  heavier  than 
gold  it  sinks  to  the  bottom  of  the  oruolble  wlien  the  metal  is  fused. 
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sponge),  which  la  welded  into  a  compact  mass  by  heat  and 
pressure. 

In  the  new  metiiod  of  Deville  and  Debray  the  platinum  is 
first  united  to  metallic  lead,  which,  as  it  does  not  alloy  with  iri- 
dosmine,  separates  the  platinum  from  the  chief  impurities  in  the 
ore.  The  lead  is  subsequently  removed  by  cupellation,  and  the 
crude  platinum  purified  by  melting  it  in  a  crucible  of  lime  with 
a  powerful  oxyh3'di'ogen  flame.  Indeed,  an  alloy  of  platinum 
witb  a  small  amount  of  iridium  and  rhodium,  well  adapted  for 
chemical  vessela,  may  be  obtained  directly  fi-om  the  ore  by  fus- 
ing it  with  the  same  flame  on  a  bed  of  hme,  using  a  small 
amount  of  hme  as  a  flux.  The  palladium  and  osmium  present 
are  thus  voiatiiized,  while  the  copper  and  iron  form  fusible  com- 
pounds with  the  lime. 

From  the  "  platinum  residues,"  as  they  are  termed,  the  asao- 
ciated  metals  can  only  be  separated  by  refined  analytical  meth- 
ods, and  our  knowledge  of  the  chemical  i-elations  of  these  rare 
elements  is  still  very  imperfect.  Necessarily,  therefore,  they 
must  occupy  a  very  subordinate  place  in  an  elementary  treatise, 
and  they  are  here,  as  elsewhere,  classed  together,  more  in  con- 
sequence of  Iheir  intimate  association  in  nature  and  resemblances 
as  metais,  than  from  any  well-defined  chemical  relationship. 

360.  KUTHENIUH  (-ffw  =  104.4)  is  a  white  metal,  very 
iiai  and  brittle,  with  difiicully  fusible  before  the  oxjhydrogen 
blow-pipe.  Sp.  Gr.  when  fused  11  to  11.4.  It  is  scarcely  at- 
tacked by  nitro-muriatic  acid,  but  it  is  easily  oxidized  when 
fused  withpotaasichydrate'(especially  if  a  little  nitre  be  added), 
yielding  potassic  rutheniate,  which  forms  with  water  an  orange- 
colored  solution.  The  pulverized  metal  heated  in  a  current  of 
air  rapidly  absorbs  oxygen,  and  the  oxides  cannot  be  reduced 
by  heat  alone. 

Five  oxides  are  known,  —  First,  .KuO,  which  has  a  dark- 
gray  color  and  metallic  lustre.  It  is  not  acted  on  by  acids,  but 
is  reduced  by  hydrogen  at  the  ordinary  t<!mperature.  Secondly, 
Ru^Os  ,which  is  the  product  when  the  meial  is  oxidized  by  the 
air.  It  has  a  deep-blue  color,  is  also  insoluble  in  acids,  and  is 
reduced  by  hydrogen,  but  only  at  a  higher  temperature.  The 
corresponding  hydrate,  [^Eu^Hoa,  which  dissolves  with  yellow 
color  in  acids,  but  is  insoluble  in  water  or  alkalies,  is  also  known. 
Thirdly,  RuOi,  which  is  a  dark,  greenish-blue  powder,  and  the 
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liydrate.-BMiZTo,,  which  dissolves  both  in  aciiJs  and  alkalies. 
Fourtiily,  SuOs.  which  is  the  assumed  anhydride  of  the  yellow 
rutheniate,  formed  when  the  metal  is  ignited  with  a  mixture  of 
potassic  hydrafe  with  potassic  nitrate  or  chlorate.  Tiiis  chm-- 
acterialic  compound  is  decomposed,  like  potassic  mangauate,  hy 
acids  and  even  by  organic  suhatances.  Lastly,  SuO„  which  is 
a  very  volatile  golden-yellow  crystalline  solid,  melting  at  53° 
and  boiling  at  about  100". 

Ruthenium  forms  three  chlorides;  J?mO/2,  which  is  known  both 
as  an  insoluble  black  crystalline  powder  and  as  forming  a  fine 
Hue  solution  ;  [ff«J  0/g,  which  forms  yellow  solutions  and  solu- 
ble compounds  with  the  alkaline  chlorides,  as  [ffua]  Clg .  iKC'l; 
lastly,  BuOh.  known  only  in  its  double  salts,  RuClt .  'IKOl 
and  RuCli.2{NH,)Cl,  which,  like  the  corresponding  platinum 
Fall,  crystallizes  in  octahedrons  (366),  but  appears  to  be  dismor- 
phous,  as  it  forms  under  certain  conditions  hexagonal  prisms. 

When  ^.S*  is  passed  through  a  solution  of  the  yellow  chlo- 
ride, it  partly  precipitates  the  ruthenium  as  a  sulphide,  but  at 
the  same  time  it  partially  reduces  \^Rh^(\  to  RuOl^  which 
gives  to  the  supernatant  liquid  a  fine  azure-blue  color.  Zinc 
effects  the  same  reduction,  and  this  reaction  is  very  delicate  and 
characteristic 

361.  OSMIUM  (0»  =  199.2).  — In  the  most  compact  con- 
dition in  which  this  metal  has  been  obtained,  it  has  Sp.  Gr.  = 
21.4,  and  a  bluish  tinge  of  color  resembling  that  of  zinc.  It 
has  never  been  fused,  but  it  slowly  volatilizes  at  the  tempera- 
ture at  which  ruthenium  and  iridium  melt.  IVhen  finely  di- 
vided, it  is  oxidized  by  nitric  acid,  but  in  its  more  compact  state 
it  resists  even  aqua-regia.  When  heated  in  a  current  of  air,  it 
oxidizes  much  more  readily  than  ruthenium,  passing  at  once  to 
the  highest  degree  of  oxidation,  OsO„  and  forming  a  volatile 
compound  resembling  RuOi-  Indeed,  when  in  powder,  osmium 
is  very  combustible,  and  even  when  compact  it  takes  6re  at  a 
temperature  scarcely  exceeding  the  melting-point  of  zine,  and 
its  strong  tendency  to  form  this  volatile  oxide  is  the  most  striking 
character  of  the  element.  Its  oxides  and  chlorides  correspond 
almost  precisely  both  in  composition  and  chemical  relations  to 
those  of  ruthenium.  The  three  lower  oxides  all  form  hydrates, 
but  have  no  well-marked  basic  character.  0*raic  anhydride, 
OsOi,  is  unknown,  but  potassic  osmate,  KfO^OsO^.  'iH.fi, 
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can  easily  be  obtained  in  large  rose-colored  octahedrons.  The 
■volatile  oxide,  OsO„  just  referred  to,  forms  colorless  acicular 
crystals,  which  are  very  fusible  and  freely  soluble  in  water.  It 
boils  at  about  100°,  emitting  an  extremely  irritating  and  delete- 
rious vapor,  whose  pungent  odor,  resembling  that  of  chlorine,  is 
very  chftraeteristic.  When  pulverized  osmium  is  heated  in  per- 
fectly dry  chlorine  gas,  there  is  first  formed  a  blue-black  subli- 
mate of  OsClj,  and  afterwards  a  red  sublimate  of  OsCI,.  O.- 
mious  chloride  gives  a  dark  violet-blue  solution,  while  osmie 
chloride  gives  u  yellow  solution ;  and  when  exposed  to  the  air, 
the  first  rapidly  changes  lo  the  last.  By  the  action  of  reducing 
agents  the  change  may  be  reversed.  All  the  chlorides  of  osmium 
form  double  salts  with  the  alkaline  chlorides.  The  most  inter- 
esting are  the  compouuds  con-esponding  to  poiassio-platinic  chlo- 
ride, OsCT,  .  2KCI,  which  forms  beautiful  red  octahedml  0173- 
ta!s,  sparingly  soluble  in  wat^T,  and  lOs^]Cle  ■  &KCI .  GH^O, 
which  resembles  a  characteristic  Rhodium  compound  mentioned 

362.  RHODIUM  {Eh  =  104.4)  is  a  very  hard  grayish- 
wliile  metal,  barely  fusible  in  an  oxjhydrogen  flame.  Sp.  Gr, 
after  fusion  12.1.  It  is  impeifeclly  malleable,  hut  when  alloyed 
with  platinum  may  be  easily  worked.  The  pure  metal  is  insol- 
uble in  acids,  although  when  alloyed,  in  not  too  large  quantity, 
with  platinum,  copper,  bismuth,  or  lead,  it  dissolves  with  them 
in  aqua-regia.  Although  unalterable  in  the  air,  rhodium  com- 
bines both  with  oxygen  and  chlorine  at  a  red  heat.  It  is  read- 
ily oxidized  by  fusion  with  nilre  or  peroxide  of  barium.  Fused 
with  potassic  bisulphate,  it  is  converted  into  soluble  rhodio-po- 
tassic  sulphate,  and  when  heated  with  sodic  or  basic  chlorides 
in  a  current  of  chlorine  gas,  it  yields  various  double  salts,  which 
are  likewise  easily  soluble. 

Although  several  oxides  of  rhodium  have  been  distinguished, 
the  only  one  which  as  yet  has  been  well  defined  is  Rh^Os,  Rho- 
dic  Oxide,  and  this  compound  evidently  marks  the  prevaihng 
quanlivalence  of  the  element.  In  this  condition  rhodium,  un- 
like the  elements  with  which  it  is  associated,  appears  to  he  a 
weU-njarked  basic  radical,  forming  stable  salts  with  several  of 
the  adds.     Thus  we  have 

Ehodic  Hydrate  [E^jllO^ff,. 

Ehodic  Acetate  lSiillO,l{C,/f,0)o .  ^H.O, 
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Ehodic  Nitrate  lSh,-]t0^t{NO,)„ .  4H,0, 

Ebodic  Sulphite  lEh,-}Wfi{SO),  .  Gff,0, 

Rh*lic  Sulphate  [ff^  J 1 0„l(50,)8  •  i2H»0, 

Potiissio-rhodic  Sulphate  KelEhi']'aOi^^i(SOi)B. 

In  like  manner  tlie  only  well-defined  compound  of  rhodium 
and  chlorine  is  [SAJiC/ii,  a  brownish-i-ed,  indifferent  body,  in- 
soluble  in  all  acids  and  alkalies.  A  solution  of  the  chloride  may 
be  obtained  by  dissolving  E^Os  in  hydrochloric  acid,  and  iiom 
this  several  well-crystallized  soluble  double  chlorides  may  be 
prepared,  aa 

Potasslo-rhodic  Chloride  [flA.]  Cl„  .  CKCl .  GF,0, 

Sodio-rhodic  Chloride  [Bh,}  01, .  CiVa  CI .  24/40. 

They  all  have  a  ruby  or  rose  color,  whence  the  metal  takes  its 
name,  from  poSor,  a  rose. 

363.  lEIDIUJI  (/r=196)ia  a  very  hard,  while,  brittle 
metal.  Though  even  less  fusible  than  rhodium,  it  has  been 
melted  on  lime  with  the  oxyhydrogen  flame  and  by  the  voltaic 
arc.  Sp.  Gr.  after  fusion  21.15.  The  pure  metal  is  not  acted 
on  by  any  acid,  but  when  alloyed  with  platinum  it  di.ssolves  in 
aqua-regia.  It  may  also  be  rendered  soluble  by  fusion  with  al- 
kaline reagents,  under  ihe  same  conditions  as  rhodium,  Unlesa 
in  very  fine  powder  it  does  not  oxidize  when  heated  in  the  air. 
It  forms  two  principal  oxides,  Jj-jOj  and  JrOj,  and  rhe  corre- 
sponding hydrates  are  readily  obtained.  The  hydrates  dissolve 
in  acids,  but  do  not  form  definite  oxygen  sails  unless  associated 
with  other  basic  radicals.  There  are  also  chlorides  corresponding 
to  the  oxides,  whicli  form  crystalline  double  salts  with  Ilie  alka- 
line chlorides,  closely  resembling  the  similar  compounds  already 
described.     Thus  we  have 

Potassio-iridous  Chloiide         [Ir^O^a  ■  6A'CT.  G^^O, 
Sodio-iridous  Chloride  [/r^]  01^  .  GNaCl .  2iJIA 

which  contain  the  radical  [Tr^y,  and  also 

Potassio-iridic  Chloride  IrCl, .  2KCI, 

S^dio-iridic  Chloride  IrOh  ■  ^MaCl .  GH^O, 

which  contain  the  radical  Ii^,  the  last  class  being  less  soluble 
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than  the  first.  Most  of  the  corapounda  of  h-idium  have  a  alrong 
coloring  power,  those  containing  the  radical  [/rjl  giving  in  gen- 
era] greun,  iind  those  containing  the  radical  Ir^  md  solutioos. 
The  iridic  compounds  are  the  most  stable,  but  under  the  action 
of  reduciug  or  oxidizing  agents  one  condition  of  the  element 
readily  parses  into  the  other,  and  the  changes  of  color  which 
then  take  place,  giving  under  different  conditions  beautiful 
shade?  of  purple,  violet,  and  blue,  are  very  striking  and  char- 
ncterblic  Hence  the  name  Iridium,  from  iris,  the  rainbow. 
Under  certain  circumstances  this  element  appears  to  manifest 
still  other  degrees  of  quanti valence,  and  compounds  containiDg 
both  //=  and  M  have  been  distinguished,  tiie  last  acting  as  an 
acid  radical  in  the  product  obtained  by  fusing  iridium  with  nitre, 
nhicli  gives,  with  water,  a  deep  blue  solution,  and  is  supposed  to 
contain  the  compound  K^^O.flrOi;  but  our  knowledge  on  this 
subject  is  still  very  imperfect. 

3G4.  PALLADIUM  (Prf=10G.6).  Sp.  Gr.  =  11.4.— 
This  brilliant  white  metal  resembles  platinum  more  closely  than 
eilier  of  iis  associates.  Although  best  known  as  a  subordinate 
constituent  of  platinum  ore,  it  has  also  been  found  (in  Brazil) 
native,  in  masses  of  considerable  size.  It  is  harder  than  plat- 
inum, has  less  tenacity,  and  is  not  so  ductile;  but,  neverlheless, 
it  can  be  wrought  with  facility.  It  cannot  be  fused  in  an  ordi- 
nary wind-furnace,  but  before  the  compound  blow-pipe  it  melts 
more  readily  than  platinnm,  and  if  heated  on  lime  is  slowly 
volatilized,  giving  off  a  green  vapor.  Like  the  noble  metals, 
its  oxides  and  chlorides  are  reduced  by  heat  alone.  Yet 
when  exposed  to  the  air  at  a  low  red  heat  its  surface  be- 
conies  covered  with  an  iridepcent  film  of  oxide,  which  is  dis- 
persed, however,  at  a  higher  temperature.  Palladium  is  acted 
on  by  chemical  ajfents  more  readily  than  platinum.  Though 
only  slightly  attacked  by  pure  hydrochloric  or  sulphuric  acids, 
it  dissolves  readily  in  nitric  acid,  and  also  in  aqua-regia,  or  ia 
sulphuric  acid  when  mixed  with  a  small  amount  of  nitric  acid. 
It  is  also  rendered  soluble  by  fusion  with  alkaline  reagents,  un- 
der the  same  conditions  as  the  preceding  metals. 

Palladium  differs  from  the  associated  elements  very  markedly 
in  that  it  affects  most  readily  the  condition  of  a  bivalent  positive 
radicaL  Thus  we  easily  obtain,  by  dissolving  the  metal  in  the 
respective  acids,  the.  two  following  crystalline  salts :  — 
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Palladious  Nitrate     (Brown)  Pd-  Oi{NO^)^ 

Palladious  Sulphate        "  Pd-0.fSO^ .  'iH.fi. 

The  corresponding  hydrate  is  precipitated  by  sodic  carbonate 
from  solutions  of  either  of  these  sails  as  a  dark  brown  powder. 
The  oxide  PdO,  a  black  powder,  is  obtained  by  heating  the  ni- 
trate to  dull  redness.  The  chloride  PdOl^  forms  brown  hydroua 
crystals,  when  a  solution  of  the  metal  in  aqua-regia  ia  evapo- 
raled  to  dryness,  and  by  uniting  with  other  chlorides  yields 
definite  crj-stalline  sails,  as,  for  example,  PdCls .  2KCI,  which 
ia  easily  obtained  in  dull  yellow  prismatic  crystals. 

Falladiiim  also  forms  another  class  of  compounds  in  which 
its  atoms  are  quadrivalent;  but  these  arc  all  very  unstable. 
The  chloride  PdClt  has  never  been  isolated,  but  the  compound 
PdCli .  ZKOt,  which  has  been  obtained  in  red  octahedral  crys- 
tals, attests  the  relationship  of  this  element  to  those  with  which 
it  is  classed. 

But  of  all  the  characteristics  of  palladium  the  most  nolewoiv 
thy  is  the  power  which  the  metal  possesses  of  absorbing  hydro- 
gen gas.  It  appears  from  the  recent  experiments  of  Professor 
Graham  that,  in  the  condition  in  which  it  is  deposited  by  eleo- 
Irolysis,  this  metal  will  absorb  or  "  occlude  "  nearly  1,000  times 
its  volume  of  hydrogen,  which  amounts  to  about  three  fourths 
of  one  per  cent  of  its  weight,  and  in  other  conditions  of  the 
metal  the  power  of  absorption  is  very  great,  although  not  so 
large.  The  same  phenomenon  to  a  less  degree  has  also  been 
observed  with  ],latinum  and  iron,  and  consideiable  amounts  of 
"  occluded  "  hydrogen  have  been  discovered  in  some  of  the  me- 
teors. The  gas  thus  taken  up  by  these  metals  is  BOt  simply 
mechanically  condensed,  as  when  absorbed  by  charcoal,  but  ap- 
pears to  be  in  a  state  of  partial  chemical  combination  like  that 
of  a  solution  or  an  alloy  ;  for  we  find  that,  while  the  hydrogen 
is  easily  expelled  by  heat,  it  shows  no  tendency  to  escape  into 
a  vacuum.  The  gas,  however,  readily  passes  through  a  heated 
palhdiumorplatmum  pHteby  an  action  similar  to  dialysi"*  (■>"), 
and  these  metals  seem  to  partake  more  or  less  of  a  colloidal 
condition  By  a  similar  action  carbonic  oxide  pa-aes  through 
ihe  iron  walls  of  furnaces,  and  Ibis  class  oi  phenomen'*  nben 
fuilhcr  invcBtigated,  will  undoubtedly  be  found  to  be  quite 
general. 
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Wlien  a  mass  of  palladium,  charged  aa  above  described,  is 
exposed  to  ihe  air,  it  sometimes  becomes  suddenly  heated  from 
the  oxidation  of  the  hydrogen  it  contains,  and  the  well-known 
power  of  platinum,  especially  when  finely  divided,  as  in  the 
condition  of  s/jonye  or  tlie  so-called  p/aiiwum  S^oci,  lo  determine 
the  union  of  hydrogen  and  oxygen,  and  even  lo  ignite  a  hydro- 
gen jet,  together  with  a  large  class  of  similar  effects,  may  be 
explained  on  (he  same  principle. 

865.  Hydrogenivm.  —  The  quantity  of  hydn^en  "occluded" 
by  palladium  amounts  to  nearly  one  equivalent  for  each  equiv- 
alent of  the  metal,  and  produces  a  marked  change  in  its  physical 
qualities.  The  volume  of  the  metal  i^  increased  its  tenacity 
and  conducting  power  for  electricity  din  n  si  ed  and  t  acquires 
a  slight  susceptibility  to  magnetism,  wl  el  the  pure  n  elal  does 
not  possess.  From  these  facta  Professor  Graham  fers  that 
the  metal  charged  with  ga^  is  an  alloy  ot  pallad  um  a  d  netallic 
hydrogen,  which. he  prefers  to  call  hyd  oge  am  i  d  t  would 
appear  that  in  this  remarkable  product  the  ami  .ipations  of 
chemiiits  in  regard  to  the  metallic  condition  of  hydrogen  have 
been  realized.  If  this  inference  is  correct,  and  if)  as  is  gener- 
ally the  case,  the  volume  of  the  dioy  is  equal  to  the  sum  of  the 
volumes  of  the  two  metals,  then  the  Sp.  Gr.  of  hydrogenium 
(deduced  from  that  of  the  alloy)  must  be  about  2.  The  chem- 
ical qualities  of  this  alloy  are  very  remarkable.  It  precipitates 
mercury  from  a  solution  of  its  chloride,  and  in  general  acts  aa  a 
strong  reducing  agent.  Exposed  to  the  action  of  chlorine,  bro- 
mine, or  iodine,  the  hydrogen  leaves  the  palladium  and  enters 
into  direct  union  with  these  elements.  Moreover,  from  a  pal- 
ladium wire  charged  with  the  gas,  and  covered  with  calcined 
magnesia  (to  render  the  flame  luminous),  the  hydrogen  burns, 
when  lighted  by  a  lamp,  like  oil  from  a  wick.  So  far,  there- 
fore, as  its  chemical  activities  are  concerned,  hydrogenium  bears 
somewhat  the  same  relation  to  hydrogen  gas  that  ozone  bears 
to  ordinary  oxygen.  Palladium  plate  or  wire  is  most  readily 
charged  with  hydrogen  by  making  it  Ihe  negative  pole  of  a  gal- 
vanic battery  in  the  process  of  electrolyzing  water.     (Fi".  84.) 

366.  PLATINUM.  Pt  =  l^7A.  ^.  Cr.^  21.5.  — The 
extended  use  of  this  metal  in  practical  chemistry  has  made  its 
appearance  familiar  to  every  student  of  the  science.  Platinum 
utensils  have  been  of  inestimable  value  in  chemical  investiga- 
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tions,  on  account  of  the  iufusibiiJCy  of  the  metal,  and  its  won- 
d'^rf'til  power  of  resUting  chemical  agents.  It  Dot  only  does  not 
osidize  when  Leatcd  in  liie  air,  but  none  of  the  acid:^  singly  act 
upon  it,  and  eveo  aqua-regia  dissolves  it  but  slowly.  The  metal 
is  corroded  when  heated  to  redness  in  contact  with  the  caustic 
alkalies  or  alkaline  eartlis,  especially  the  hydrates  of  lithium  or 
barium,  but  the  alkaline  chlorides,  carbonates,  or  sulphates  may 
be  fused  in  platinum  crucibles  without  injuring  them.  Dry  chlo- 
rine has  no  action  on  the  metal  at  any  temperature,  and  both  the 
oxides  and  the  chlorides  are  reduced  by  heat  alone.  Platinum, 
however,  readily  alloys  with  several  of  the  other  metals,  and  care 
must  be  taken  to  conduct  no  operations  in  platinum  vessels  by 
which  a  fusible  metai  may  be  reduced.  Phosphorus  and  sulphur 
also  act  on  platinum  to  a  limited  extent. 

Platinum  is  very  ductile  and  malleable,  and  two  pieces  of  the 
metal  may  be  n  elded  together  at  a  white  heat,  althougli  to  melt 
it  tiie  lemperatuie  of  the  oxyhydrogen  flame  is  required. 
Melted  pUtmum  ab-orbs  oxygen  from  the  air,  and,  like  silver 
(140),  spits  if  suddenly  cooled.  The  same  phenomenon  has 
been  observed  with  palladium  and  rhodium. 

Platinum  affects  the  condition  both  of  a  bivalent  and  a  quad- 
rivalent radical  but  its  afiinities  are  at  best  very  feeble.  When 
dissolved  in  aqui  regia  the  product  fii-st  formed  is  probably 
jPlCl^  2HCI  ani  from  this  solution  a  large  number  of  other 
compounds  of  the  same  type  are  easily  obtained,  and  these  are 
the  most  important  compounds  of  this  elemenL  We  have,  for 
example, 

Bario-platinic  Chloride  PtCh  ■  SaCk  ■  iff^O, 

Magnesio-plaiinic  Chloride  PtGl^  .  MgCk  ■  GU,0, 

Sodio-platinic  Chloride  Pt  C%  .  2Na CI.  GII^ 0, 

Potassio-platinic  Chloride  PtCl, .  2KCI, 

Ammonio-platinic  Chloride  PlClt .  2{Nff^Cl. 

These  salts  have  all  a  characteristic  yellow  color  except  in  the 
few  cases  where  the  second  basic  radical,  having  itself  a  strong 
coloring  power,  modifies  the  result.  The  barium  and  sodium 
salts  crystallize  in  prisms.  The  magnesium  salt,  and  the  cor- 
responding compounds  of  cadmium,  zinc,  copper,  cobalt,  and 
manganese,  which  are  isomorphous  with  it,  crystallize  in  rhooi- 
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bohedrons.  The  potassium  and  ammonium  salts  crystallize  in 
regular  octahedrons.  The  hydrous  salts  are  all  soluble  in  water, 
but  the  last  two  are  nearly  insoluble  in  water,  and  wholly  insol- 
uble in  alcohol.  They,  therefore,  can  easily  be  obtained  by  pre- 
cipitation, and  on  this  fact  are  based  several  important  methods 
of  quantitative  analysis.  Moieover,  compounds  of  the  =ame 
general  type  may  be  formed  with  almo-t  all  the  organic  baics 
and  vegetable  alkaloids,  and  they  fuinish  one  ot  the  simple-st 
means  of  determining  the  molecular  weight  ot  such  subslantca 
(68). 

If  the  solution  of  platinum  in  aqua-regia  is  evaporated  o\er 
a  water-bath,  the  amoi-phous  brownish-red  residue  (soluble  both 
in  water  and  alcohol)  may  be  regarded  as  PtOl^ ;  but  if  the  tem- 
perature is  raisedto  200°  one  half  of  the  chlorine  escapes,  and 
the  insoluble  greenish-brown  solid  then  obtained  is  PtCli.  Plat- 
inous  chloride  is  not  acted  on  even  by  nitric  or  sulphuric  acids, 
but,  out  of  contact  with  the  air,  it  dissolves  unchanged  in  hydro- 
chloric acid,  although  platinic  chloride  is  formed  if  air  has  access 
to  the  solution.  It  also  combines  with  other  metallic  chlorides, 
forming  a  large  number  of  crystalline  salts,  as,  for  example, 

Ammonio-platinous  Chloride  PlOl^  ■  2(^11^)  CI, 

Potasaio-piatinous  Chloride  PtCli .  2KCI, 

Argento-platinous  Chloride  P(CTj .  2AgCl, 

Zinco-platinous  Chloride  PtCl^  .  ZnCl^ 

Eario-platinous  Chloride  PtCl^  .  BaCl^ .  ZH^O. 

These  salts  are  all  readily  preparen  from  the  hydrochloric  acid 
solution  (Pi  CI3 .  IHCl  -j-  Aq)i  and  are  generally  distinguished 
by  a  red  color. 

367.  Platinous  Hydrates,  Pt^Ho^,  which  is  obliuned  as  a  black 
powder  by  digesting  pjatinous  chloride  with  a  solution  of  caustic 
potash,  dissolves  both  in  alkalies  and  acids,  but  the  compounds 
thus  formed  are  very  unstable.  Platinous  nitrite  and  sulphite, 
however,  form  cryslallizable  double  salts  with  several  of  the 
more  basic  radicals.  Platinic  Hydrate,  T^iZfoj,  prepared  indi- 
rectly from  platinic  chloride,  is  also  soluble  both  in  acids  and 
alkalies.  The  compounds  thus  formed  are  all  unstable,  those 
in  which  the  element  acts  as  an  acid  radical  being  the  more 
definite.     Platinic  sulphate  and  platinic  nitrate,  although  they 
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have  not  been  crystallized,  are  easily  obtained  in  solution,  the 
sulphate  by  evaporating  a  solution  of  the  chloride  with  sul- 
phuric acid,  the  nitrate  by  decomposing  the  sulpliate  with  baric 
nitrate.  Lastly,  by  cautiously  heating  the  hydrates  we  can 
obtain  the  corresponding  oxides,  but  if  the  temperature  exceeds 
a  limited  degree  they  are  at  once  compleiely  reduced. 

By  acting  on  different  platinum  salta  with  ammonia,  a  re- 
markable class  of  compounds  have  been  obtained,  whiclr  are 
best  regarded  as  salts  of  platinum  bases,  and  as  formed  by  the 
coalescing  of  two  or  more  molecules  of  Z^j^  soldered  together 
by  atoms  of /^  or  Pfi,  although  they  probably  contain  in  some 
cases  more  complex  pladnum  radicals.  Similar  compounds  have 
also  been  formed  with  palladium  and  indium ;  but,  alihoush 
highly  interesting  subjects  of  study  on  account  of  their  manifold 
types  and  complex  constitution,  tliis  new  class  of  ammonia  baaea 
illustrate  no  principles  not  already  fully  discussed,  and  for  a 
description  of  them  wo  must  refer  to  more  extended  works. 


Questions  and  Problems. 

1.  Calculate  the  percentage  composition  of  platinum  ore,  elimi- 
nating from  the  results  given  in  (339)  the  quantity  of  iridosmine  and 
sand  with  which  the  ore  is  mixed. 

2.  Explain  the  old  method  of  working  platinum  ores,  and  illustrate 
the  various  steps  in  the  process  by  reactions.  To  what  extent  are 
the  associated  metals  precipitated  by  ammonie  chloride  ? 

3.  Point  out  the  relationship  between  the  platinum  metals  and 
iron.  Compare  also  these  elements  with  each  other,  and  consider 
especially  the  characteristics  distinguishing  the  three  groups  into 
which  they  have  been  divided  in  Table  IL 

4.  By  whit  characters  are  the  platinum  metals  as  a  class  chiefly 
marked  ?  Make  a  table  which  will  bring  into  comparison  the  dil". 
ferent  double  chlondes  of  these  elements. 

5.  Explain,  on  the  principle  of  dialysis,  the  transmission  of  hydro- 
gen gas  through  the  malls  of  a  heated  palladium  or  platinum  tube. 

S.   Regarding  the  hydrogen  condensed  by  platinum  as  chemical'y 
combined  with  the  metal,  cannot  you  find  in  this  eirci 
explanation  of  the  enhanced  energy  of  the  gas  when  i: 
lion.     Consider  the  polarization  of  the  negative  platinu 
voltaic  cell  as  an  illustration  of  the  same  principle. 
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7.  Show  in  what  way  the  platinie  salts  may  be  useil  to  determine 
the  molecalar  weight  of  an  organit:  base,  and  give  an  iiluslration  of 
the  principle. 

8.  Write  the  reaclJOUs  by  nhich  platinie  sulphate  and  nitrate  may 
be  prepared. 

9.  Write  the  reaction  of  a  solution  of  platinie  chloride  on  a  solu- 
tion ofpotassic  nitrate.     Flatinic  nitrate  is  one  of  tbe  products. 

10.  Write  the  reaction  of  sodic  carbonate  on  a  solution  of  platinie 
Bulpbate,  assuming  tbat  the  chief  product  is  platinie  hydrate. 

11.  Write  the  reactions  by  which  platinous  hydrate  may  be  prc- 

12.  When  platinous  chbridje  dissolves  in  hydrochloric  acid  in  con- 
tact with  tbe  air,  what  is  the  reaction  ? 

13.  Make  a  scheme  illustrating  the  constjtution  or  relations  of  tbe 
more  important  compounds  of  tbe  platinum  bases. 

14.  Explain  a  method  of  separating  the  platinum  metaU  from 
each  other. 
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368.  TITANIUM.  TV  =^  50.  — Tetrad.  No  compounds 
corresponding  to  a  lower  degree  of  quantivalence  are  iviih  cer- 
tainly known.  A  comparatively  rare  element,  but  not  uiifre- 
quently  associated  with  iron.  The  most  abundant  native  com- 
pound is  Menaecanite  or  Titaniferous  Iron,  whose  symbol  has 
already  been  given  among  the  iron  ores.  This  mineral,  how- 
ever, is  in  most  cases  an  isomorphous  mixture  of  ( Tt-Fe)  0^ 
and  Fe^Os,  sometimes  containing  also  magnesium  and  manga- 
nese, and  ihiis  arise  the  numerous  varieties  which  have  been 
distinguished.     The  other  important  compounds  are 

Entile,  Brookite,  and  Octahedrite  (2d  or  4th  System)  TiO^, 

Perofsbite  ( Rhomb  obedral)  Ca--0./TiO, 

Sphene  (Monoclinic)  {Ca-0-Ti)Wf8i. 

Titanium  is  also  associated  wilh  columbium,  lanfalum,  cerium, 
yttrium,  and  zirconium  in  a  number  of  rave  minerals, 

369.  Metallic  Titanium  has  never  been  obtained  as  a  mas- 
sive metal,  and  its  properties  are  very  imperfectly  known.  As 
formed  by  decomposing  the  potassio-tilanio  fluoride  with  potas- 
sium it  is  a  dark-green  powder,  (showing  under  the  mieroscope 
the  color  and  lustre  of  iron.  In  this  condition  it  is  very  com- 
bustible, readily  dissolves  in  hydrochloric  acid,  and  even  decom- 
poses water  at  the  boiling-point. 

370.  Titanic  Chloride,  TiCl^,  is  obtained  by  passing  chlorine 
gas  through  an  intimate  mixture  of  titanic  oxide  and  carbon  in- 
tensely heated.  It  is  a  heavy,  colorless  liquid,  boiling  at  135% 
and  yielding  a  vapor  whose  Sp.  Gr.  ^  98. C5.  Exposed  to  the 
air  it  absorbs  moisture,  and  gradually  solidifies,  forming  a  crys- 
talline hydrate  which  readily  dissolves  in  water.  Fi-om  this 
solution,  if  sufficiently  dilute,  almost  the  whole  of  the  titanium 
is  precipitated  as  a  hydrate  on  boiling,  and  the  same  is  (rue  of 
the  solution  formed  by  dissolving  the  native  oxides  (after  fusion 
with  an  alkaline  carbonate)  in  hydrochloric  acid. 

S7I.  Titanous  Chloride,  Ti^Cle,  is  formed  by  passing  a  mix- 
ture of  WiOlj  and  m-Ht  through  a  red-hot  porcelain  tube.  The 
compound  is  thus  obtained  in  dark  violet  scales,  which  readily 
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dissolve  in  water  forming  a  violet  solution,  but  in  contact  with 
the  air  this  solution  gradually  loses  ila  color  and  deposits  titanic 
hydrate.  The  same  color  is  produced  hy  boiling  with  Im  a  so- 
lution of  titanic  oxide  in  hydrothloric  acid,  and  (his  reaction  is 
the  best  test  for  titanium.  The  solution  of  litanoui  chloride  is 
a  very  powerful  reducing  agent,  w  hich  indicates  that  the  radical 
[TV'g]!  is  not  a  stable  condition  of  the  element 

372.  Titanic  Bromide,  and  Iodide,  TiBri  and  Tili  are  fusi- 
ble and  volatile  crystalline  solids. 

373.  Titanic  Fluoride,  TiFt,  is  a  fuming,  colorless  liquid, 
obtained  by  distilling  a  mixture  of  fluor-spar  and  titanic  oxide 
with  sulphuric  acid.  This  compound  is  resolved  by  water  into 
soluble  hydro-titanic  fluoride  and  insoluble  titanic  oxyfluoride. 

374.  Hydro-titanic  Fluoride,  TiFt  .  2IIF,  is  the  acid  of  a 
large  class  of  salts  which  are  easily  made  from  the  solution  pro- 
duced as  just  stated.  The  ammonium  and  potassium  salts, 
which  are  the  most  important,  both  crystallize  in  white  anhy- 
drous scales. 

375.  Titanic  Hydrates.  —  A  large  number  of  these  hydrates 
have  been  distinguished,  and  they  affect  two  very  different  mod- 
ifications. Those  obtained  by  precipitation  with  ammonia  read- 
ily dissolve  in  acids,  and  when  heated  are  converted  into  the 
anhydride  with  vivid  incandescence.  Those  obtained  by  boil- 
ing dilute  solutions  of  the  chloride  or  sulphate  are  insoluble  in 
all  acids  except  strong  sulphuric.  They  give  off  water  more 
readily  than  the  others,  and  the  dehydration  is  not  attended  by 
the  same  incandescence.  The  composition  of  these  hydrates 
depends  on  the  temperature  at  which  they  are  di-ied,  and  they 
may  be  regarded  as  derived  from  the  normal  hydrate  by  the 
method  repeatedly  illustrated  and  expressed  by  the  general 
equation 

nTiHot~mH.,0={O^Ti„)Ho^_^,  [353] 

The  two  modifications  have  been  obtained  in  the  same  degrees  of 
hydration,  and,  so  far  as  known,  they  are  isomeric.  Moreover,_ 
by  dialysis  a  pure  aqueous  solution  of  titanic  hydrate  has  been 
procured,  which  gelatinizes  when  concentrated,  and  evidently 
contains  the  compound  in  a  colloidal  condition. 

376.  Titanic  Oxide,  TiO-i,  is  chiefly  interesting  from  the 
fact  that  it  affects  three  different  modifications,  which  are  rep- 
resented in  nature  by  the  minerals  Butile,  Brookite,  and  Octa- 
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hedrite.  These  ihree  isomeric  bodies  differ  from  each  other  in 
crystalline  form,  in  density,  and  in  hardness.  Rutile,  the  mort 
abundant,  has  the  greatest  hardness  and  density.  Its  crystals 
are  tetragonal  and  isomorphoiis  with  those  of  SnO^  Brookite, 
which  stands  next  in  hardness  and  density,  affects  forms  of  the 
orlhorhombic  system,  which  are  approximately  isomorphous  with 
those  of  MaO-i.  Lastly,  Octahedrite  is  softer  and  less  dense 
than  either  of  the  others,  and  its  crystals,  although  tetragonal, 
differ  essentially  from  those  of  Rutile.  (Problem  2,  page  144.) 
The  same  differences  have  been  observed  in  crystals  obtained 
artificially  by  di-compo-^ing  TiFi  or  TiCl^  with  steam,  and  it  is 
fonnd  that  the  nature  of  the  product  depeuds  on  (he  temperature 
at  which  the  reaction  takes  place,  the  hardest  and  most  dense 
crystals  being  formed  at  the  highest  temperature. 

In  its  densest  condition  titanic  oxide  has  a  red  color,  and  is 
insoluble  in  all  acids ;  but  the  white  anhydride,  obtained  by  ig- 
niting titanic  hydrate,  ia  converted  into  a  sulphate  when  heated 
with  strong  sulphuric  acid,  and  may  then  be  dissolved  in  water. 
The  native  oxides,  also,  may  be  rendered  soluble  by  fusion  with 
alkaline  carbonates  or  bisulphates.  It  melts  before  the  com- 
pound blow-pipe. 

377.  Titanous  Oxide,  Ti^O^  is  obtained  as  a  black  powder 
when  a  stream  of  hyd«^en  is  passed  over  ignited  TiO^  It 
dissolves  in  sulphuric  acid,  forming  a  violet  solution,  from  which 
the  alkalies  precipitate  a  brown  hydrate.  A  similar  reduction 
takes  place,  and  the  same  violet  color  is  produced,  when  71' Oj  ia 
dissolved  in  fused  borax  or  microcosmic  salt,  and  the  bead 
heated  before  the  blow-pipe  on  charcoal  in  contact  with  a  small 
globule  of  tin. 

378.  manic  Sulphide,  TiS^  is  formed  in  lai^,  brass-yellow, 
lustrous  scales  when  a  mixture  of  31^  and  '!?iOl4  is  passed 
through  a  glass  lube  heated  to  incipient  redness.  It  is  decom- 
posed by  water,  and  cannot,  therefore,  be  obtained  by  precipi- 
tation. 

379.  Nitrides.  —  Titanium  has  a  marked  affinity  for  nitro- 
gen, and  combines  with  it  in  several  proportions.  When  dry 
ammonia  gas  is  passed  over  TVC/^  it  is  rapidly  absorbed  with 
great  elevation  of  temperature,  and  the  resulting  brown-red 
powder  has  the  symbol  (^A''j7V)i(7/4.  This  compound,  heated 
in  a  stream  of  ammonia  gas,  yields  a  copper-colored  substance, 
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which  is  (he  nltriiJe  TigN't,  and  tliis,  when  further  lieated  in  a 
current  of  hydrogen,  m  converted  into  a  second  nitride  (  Ti^N^?) 
having  a  golden-yellow  color  and  metallic  lustre.  A  third  vio- 
let-coiored  nitride  has  the  symbol  riA'j.  Lastly,  the  very  hard 
copper-colored  cubic  crystals  sometimes  found  adhering  to  ihe 
slags  of  iron-furnaces,  and  formerly  mistaken  for  metallic  tita- 
nium, have  the  composition  expressed  by  the  symbol  Ti^CN^. 

380.  TIN.  Sn^nS.  — Bivalent  and  Quadrivalent.  The 
last  is  the  most  stable  condition.  The  only  valuable  ore  of  tin 
is  the  oxide  SnO^  called  in  mineralogy  Cassiteritfl  or  Tin 
Stone,  and  this  is  found  at  but  few  localities,  chiefly  in  Corn- 
wall, Malacca,  Bolivia,  Australia,  Bohemia,  and  Saxony.  This 
element  is  also  an  essential  constituent  of  Tin  Pyrites  [^Zn,FeJ, 
rC^JpS^iSn,  and  is  associated  with  columbiuni,  titanium,  zir- 
conium, &c.,  in  a  few  rare  minerals,  but  its  range  in  nature,  so 
far  as  known,  is  very  limited. 

The  metal  is  obtained  by  reducing  the  native  oxide  with  coal ; 
but,  although  in  theory  so  simple,  this  process  is  in  pi-actice  quite 
complicated.  The  ore  requires,  previous  to  smelting,  a  pro- 
longed mechanical  treatment,  and  in  the  furnace  a  large  amount 
of  metal  passes  into  the  slags,  which  therefore  have  to  be  worked 
over. 

381.  MelaSic  Tin  has  a  familiar  white  color  and  hrisht  lustre. 
It  has  a  crystalline  structure,  and  the  breaking  of  the  crystals 
against  each  other,  when  a  bar  of  the  metal  is  henl,  produces 
the  peculiar  sound  known  as  the  cry  of  tin.  By  slowly  cooling 
the  fused  metal  distinct  crystals  can  he  obtained,  which  belong 
to  the  tetragonal  system. '  The  tenacity  of  tin  is  feeble,  but  it 
can  readily  be  rolled  and  beaten  into  thin  leaves,  which  are 
well  known  under  the  name  of  tin-foil.  Sp.  Gr.  l=  7.3.  Melts 
at  222°.  Boils  at  a  white  heat.  Inferior  conductor  of  heat  or 
electricity. 

Tin  does  not  tarnish  in  a  moist  atmosphere  which  is  free 
from  sulphur,  hut  when  malted  in  the  air  it  slowly  oxidizes,  and 
at  a  red  beat  decomposes  steam.  Hydrochloric  acid  dissolves 
the  metal  rapidly,  Ihe  products  being  stannous  chloride  and  hy- 
drogen gas.  It  also  dissolves  slowly  when  boiled  with  dilute 
sulphuric  add,  yielding  stannous  sulphate  and  liberating  hydro- 
gen as  before.  When  the  sulphuric  acid  is  concentrated,  SO^ 
is  evolved  and  stannous  sulphate  formed  only  so  long  as  the  tin 
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is  iQ  escess.  If  the  acid  is  in  excess,  sulphur  separates  and  the 
product  13  stannic  sulphate.  Very  strong  nitric  acid  does  not 
act  on  the  metal,  hut  when  somewhat  diluted  it  converts  llie 
tin  into  a  white  hydrate,  insoluble  in  an  escess  of  the  acid. 
Aqua-regia,  if. not  too  concentraled,  dissolves  tin  as  stannic 
chloride,  and  the  alkaline  hydrates  and  nitrates  also  act  upon  it 
at  a  high  temperature. 

Tin  unites  directly  with  most  of  the  non-metallic  elements, 
and  forma  alloys  with  many  of  the  metals.  The  alloys  with 
copper  have  already  been  mentioned.  Pewter  and  plumber's 
solder  are  alloys  of  tin  and  lead.  Britannia  metal,  an  alloy  of 
brass,  tin,  lead,  and  bismuth,  and  the  silvering  of  miiTors  an 
amalgam  of  tin  and  mercury.  On  account  of  its  beautiful  lustre 
and  power  of  resisting  atmospheric  agents,  tin  is  much  used  for 
coating  other  metals.  The  common  tin  ware  is  made  of  sheet- 
iron  thus  protected. 

382.  Stannous  Chloride.  SnCl^  —  '\:\iG  anhydrous  com- 
pound (butter  of  tin)  obtained  by  heating  mercuric  chloride 
with  an  excess  of  tin,  or  by  heating  the  metal  in  hydrochloric 
acid  gas,  is  a  fusible  white  solid  with  a  fatty  lustre,  soluble  in 
water  and  alcohol.  The  hydrous  salt  (tin  salts),  formed  by 
crystallizing  the  solution  of  tin  in  hydrochloric  acid,  has  the 
symbol  SnGli .  ZH^O.  The  pure  crystals  dissolve  perfectly  in 
a  small  amount  of  water,  free  from  air,  but  a  large  amount  of 
water  produces  a  partial  decomposition. 

(2S«C^  +  S//,0  + J?)r= 

!$n.OCI^ .  SHaO  +  {2HCI  +  Aq).  [354] 

So,  also,  when  the  solution  is  exposed  to  the  mr. 

{^SnGk  +  ^ff,0  +  Aq)  +  ®--®  = 

2(Sn.OCIs .  2H.O)  +  {2SnOh  +  Aq).  [355] 

The  oxyehloride,  which  is  milk  white  and  insoluble  (even  in 
dilute  acids),  renders  the  solution  in  both  cases  turbid.  Free 
hydrochloric  acid,  tartaric  acid,  and  sal  ammoniac  prevent  the 
decoRipojiition.  Owing  to  the  unsatisfied  affinities  of  the  tin 
radical,  stannous  chloride  is  a  powerful  reducing  agent  (277), 
and  is  much  used  for  this  purpose  both  in  the  laboratory  and 
the  dye-house.  It  also  acts  as  a  mordant.  Lastly,  it  forms 
salts  with  several  of  the  metallic  chlorides. 
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Polassio-Btaiinous  Chloride        Sii  CI3  .  2KCI .  (1,  2,  or  SH.^O), 
Eario-atannous  Chloride  SnCk  •  BaCl^  ■  ^Kfl. 

383.  Stannic  Ohhride,  Sn  Cl^,  may  l>e  made  either  by  dis- 
tilling a  mixture  of  tin  and  mercuric  cliloride,  the  last  being  in 
excess,  or  by  beating  tin  in  clilorine  gas.  It  is  a  colorless,  fum- 
ing liquid,  boiling  at  115°,  and  yielding  a  vapor  whose  Sp,  Gr. 
^  132.7.  The  liquid,  exposed  to  the  air,  eagei'ly  absorbs  moist- 
ure, and  changes  into  a  crystalline  solid.  Wiien  mixed  with 
wal«r  intense  heat  is  evolved,  and  a  solution  formed  which  yields 
on  evaporation  rhom boh edral  crystals  of  5'nCVj.  5^0.  These 
crystals  <lried  in  vacuo,  lose  SB^O,  and  there'  is  i-eason  to  be- 
lieve that  the  remaining  2^0  are  a  part  of  the  molecule  of  the 
salt  If  we  regard  the  atoms  of  chlorine  as  Irivalent,  we  can 
eisily  see  that  such  an  aloiuic  group  would  be  possible,  for  we 
might  then  have  the  univalent  radical  {H-Cl^Gl)  ^  Hcl  re- 
placing Ho,  and  the  symbol  of  tlie  dried  salt  would  be  written 
Sii^HOi.Hd_  The  same  principle  may  be  applied  in  other 
cases  where  the  violence  of  the  action  indicates  that  a  chemical 
union  has  taken  ptaee  between  an  anhydrous  chloride  and  water, 
bmh  bodies,  however,  may  also  be  regarded  as  chlorhydrinea 
(349),  (o  which  molecules  of  HCl  are  united  in  place  of  water 
of  erystallizalion.  Thus  the  symbol  of  the  hydrous  chloride  we 
have  been  discussing  might  be  written  Sn^Cl^ffoi .  2ffCl. 

Although  stannic  chloride  forms  a  clear  solution  with  a  small 
amount  of  water,  copious  dilution  determines  the  precipitation 
of  the  greater  part  of  the  tin  as  an  insoluble  stannic  hydrate. 
Heat  favors  this  decomposition,  and,  on  the  other  hand,  the  pres- 
ence of  a  large  excess  of  hydrochloric  acid  prevents  it.  Stan- 
nic chloride  unites  with  a  considerable  number  of  bodies  both 
organic  and  inorganic,  and  forms  double  salts  with  several  of 
the  metallic  chlorides.  Ammonio-stannic  chloride,  SnClf. 
^NHfCl  (pink  salts  of  the  dyers)  is  is«norphous  with  (he  cor- 
responding compound  of  platinum.  An  impure  solution  of 
stannic  chloride,  made  by  dissolving  tin  in  aqua-regia,  is  also 
extensively  used  in  dyeing  for  brightening  and  fixing  certain 
red  colors. 

There  are  two  bromides  and  iodides  of  tin  corresponding  to 
the  chlorides.  There  ia  also  a  stannous  fluoride,  and  although 
stannic  fluoride  has  not  been  isolated,  a  lai^e  number  of  double 
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stannic  fluorides  or  fluostannates  are  known,  which  are  isomor- 
phous  with  the  corre.^ ponding  compounds  of  titanium  and  silicon. 
384.  Stamiow  Hydrate.  —  The  precipitate  wliich  falls  on 
adding  an  alkaline  carbonate  to  a  solution  of  stannous  chloride 
is  said  to  have  the  composition  Ho.^{Sii^O).  It  is  soluble  in 
both  alkalies  and  acids.  Boiled  wi[h  water  or  a  weak  solution 
of  potash  it  is  rendered  anhydraus,  but  if  boiled  wiih  a  eoncen- 
Irated  solution  of  this  iilkali  it  yields  potassic  slannale  and  me- 
taDic  tin.  The  moist  hydrate  absorbs  oxygen  from  the  air,  and 
acts,  like  the  chloride,  as  a  reducing  agent.  The  only  impor- 
tant oxygen  salt  corresponding  ta  this   hydrate  is  glannous 

S8o.  Stannic  Hydrate,  like  titanic  hydrate,  affects  both  a 
soluble  and  an  insoluble  modification.  The  lijdrale  precipitated 
when  ammonia  is  added  to  a  solution  of  stannic  chloride  dis* 
solves  readily  both  is  acids  and  alkalies,  while  ibat  oblained  by 
boiling  tbe  same  solution  greatly  diluted,  or  by  acting  on  tin 
with  nitric  acid,  is  insoluble  iu  acids,  and  dissolves  le^'s  readily 
than  tbe  first  in  alkalies.  The  composition  of  these  bodies 
varies  with  the  temperature  at  which  they  are  dried,  and  they 
are  usually  distinguished  as  stannic  and  meta-slannic  hydrates. 
Like  the  corresponding  compounds  of  titanium,  ihey  may  be 
regarded  as  derived  from  a  normal  hydrate  of  either  class  by 
Ihe  elimination  of  successire  molecules  of  water.  The  sails  ob- 
tained by  dissolving  stannic  hydrate  in  oxygen  acids  are  unim- 
portant The  sulphate  is  the  most  stable,  but  this  is  completely 
decomposed,  and  the  lin  precipitated  as  meta-stannic  hydrate 
when  the  aqueous  solution  is  diluted  and  boiled.  The  atoms 
Sm  form  much  more  stable  compounds  when  they  act  as  acid 
radicals.  The  alkaline  stannatea  crystallize  readily,  and  both 
potassic  and  sodic  stannales,  {K  or  Na)i^OfSnO  .  AH^O,  are 
commercial  products  much  used  as  mordants.  Their  efficacy 
depends  on  the  fact  that  ammonic  chloride  and  all  acids,  even 
the  COa  of  the  atmosphere,  decomposes  these  salts  when  in  so- 
lution, and  the  stannic  hydrate  thus  precipitated  in  the  fibre  of 
the  cloth  bijids  the  coloring  matter. 

The  compounds  obtained  by  dissolving  meta-ftannic  hydrate  in 
alkaline  solvents  cannot  be  crystallized,  hut  are  precipitated  on 
adding  to  the  solution  caustic  potash.  The  potassium  salt  thus 
obtained,  dried  at  126°,  has  the  composition  K^O.^SniOi, .  iHj  0. 
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It  was  formerly  supposed  that  the  peculiar  qualities  of  the 
meta-slannic  hydrates  and  the  meta-Btannates  were-  due  to  the 
atomic  grouping  here  represented,  but  this  opinion  has  not  been 
sustained  by  recent  investigations.  The  water  represented  as 
water  of  crystallization  cannot  he  removed  without  decomposing 
the  siilt,  and  ia  evidently  water  of  constitution  ;  so  that  we  have 
good  reason  for  writing  the  symbol  //s.-^2»0,(,i(S'kj05)  after  the 
type  of  the  normal  siannates,  and  we  may  regard  it  as  an  ex- 
ample of  tlie  soluble  colloidal  hydratea,  to  whicli  we  have  before 
referred  (337).-  Tliis  view  harmonizes  whh  llie  facts  that  oa 
boiling  an  aqueous  solution  of  this  compound  mela-stannic  hy- 
drate is  pi-ecipilated,  and  that  by  dialysis  a  solution  huth  of 
meta-Btimnic  and  stannic  hydratua  in  pure  walei-  may  be  ob- 
tained. The  two  classes  of  compounds  are  probably  isomeric, 
but  differ  in  the  degree  of  molecular  condensation, 

386.  Oxides.  —  Stannous  Oxide,  ShO,  may  be  obtained  in 
various  ways,  and  its  color  differs  acfording  to  the  mode  of 
preparation.  It  has  a  strong  affinity  for  oxygen,  and  if  set  on 
fire  when  dry  burns  to  stannic  oxide. 

Stannic  oxide  has  been  crystallized  artificially,  not  only  in  the 
forms  of  Tin-alone  isomorphous  with  Rutile,  but  also  in  forms 
isomorphous  with  Brookite.  As  obtained  by  igniting  the  hy- 
drate, or  by  burning  metallic  tin,  it  is  an  amorphous  white  pow- 
der. It  offers  oven  greater  resistance  to  the  action  of  chemical 
agents  than  TiO^  It  ia  not  attacked  by  acids  even  when  con- 
cetltrated.  It  is  not  dissolved  by  fusion  with  alkaline  carbon- 
ates, but  is  rendered  soluble  by  fusion  with  caustic  alkalies.  It 
is  al^o  taken  up  when  fused  with  acid  potassic  sulphate,  but 
separates  completely  when  the  fused  mass  is  dissolved  in  water. 
Moreover,  like  titanic  oxide  it  is  very  hard  and  infusible,  but 
unlike  that  it  is  reduced  to  the  metallic  slate  when  ignited  in 
a  stream  of  hydrogen  gas. 

Besides  SnO  and  SnOi  an  intermediate  osiJe,  Sn^O^  has 
been  distinguished,  but  it  does  not  form  definite  salts.  Dissolved 
in  hydrochloric  acid  it  gives  with  auric  chloride  the  beautiful 
purple  precipitate  known  as  Purple  of  Cassius  (147). 

387.  Sulpkides.  —  The  dark-brown  precipitate  which  falls 
when  If^S  is  passed  through  an  acid  solution  of  a  stannous  salt 
is  SnS,  and  the  dull  yellow  precipitate  which  fonns  under  the 
same  circumstances  in  a  solution  of  a  stannic  salt  is  a  hydrate 
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of  SnS^.  The  lasl  of  these  dissolves  readily  in  solutions  of  al- 
kaline sulphides,  and  forms  with  them  dtfinite  sails.  It  is  also 
soluble  in  the  fixed  alkaline  hydrates,  and  in  either  case  is  pre- 
cipitated unchanged  when  the  alkiili  is  neutralized  wilh  an  acid. 
Stannous  sulphide,  on  the  odier  hand,  does  not  form  sails  with 
the  alkaline  sulphides,  and  does  not  dissolve  in  solutions  of  these 
compounds,  unless,  like  tlie  common  yellow  ammonic  sulphide, 
they  contain  an  escess  of  sulphur,  when  it  is  converted  into 
&tSi,  and  as  such  is  precipitated  on  neutralizing  the  alkali. 
It  does,  however,  dissolve  iu  (he  fixed  alkaline  hydrates,  but 
when  an  excess  of  acid  is  added  to  the  solution  a  yellow  pre- 
cipittfteofiS^iSj  falls,  containing  only  one  half  of  the  tin  present 

The  beautiful  yellow  flaky  material  known  as  mosaic  gold, 
end  used  in  painting  to  imilate  bronze,  consists  of  anhydrous 
stannic  sulphide,  and  is  obtained  by  subliming  a  mixture  of  tin, 
Bulphur,  sal-amraoniac,  and  mercury.  There  is  also  a  sesqui- 
sulphide,  Sn^S^ 

388.  Compounds  with  ike  Alcohol  Radicals.  —  These  com- 
pounds are  very  numerous  and  highly  important,  theoretically, 
t>ecause  they  establish  beyond  all  doubt  the  atomic  relations  of 
tin.  Compounds  have  beea  obtained  coniaining  methyl,  ethyl, 
and  amyl,  either  singly  or  associated  together.  Three  com- 
pounds are  known  conlaJuing  only  tin  and  ethyl.  Putting 
M  =  {C^H^)  we  have 

All  three  are  coloi'less  oily  liquids.  The  last  is  the  most  stable, 
boiling  at  181°,  and  yielding  a  vapor  whose  Sp.  Gr.  =  116. 
The  others  cannot  be  volatilized  without  decomposition,  nnd 
unite  directly  wilh  oxygen,  chlorine,  bromine,  and  iodine.  The 
first,  especially,  like  other  stannous  compounds,  acts  as  a,  redu- 
cing agent,  absorbing  oxygen  from  ihe  air,  and  precipiiating  sil- 
ver from  a  solution  of  the  nitrate.  This  is  (he  only  stannous 
compound  known  among  this  class  of  bodies.  In  all  the  others 
the  tin  atoms  exert  their  maximum  atom-fixing  power,  and  they 
may  t>e  regarded  either  as  compounds  of  the  radicals  {Sn£t^y 
or  (StiSi^)-,  or  else  as  formed  from  stannic  eihide  by  replacing 
either  one  or  more  of  the  atoms  of  ethyl  by  other  radicals. 
The  following  are  a  few  examples :  — 
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Slanno-diethylic  Bromide  {SnJSt^-Br^ 

Stanno-diethylic  Oxide  {SnM^-0, 

Stanno-diethjlic  Aceiate  {SnEt^yOfiC^H^O)^ 

Stanno-diethyiic  Sulphate  ls>tEt,yOfSOi, 

Stanno-triethylic  Clilorida  {SnEt,)-  CI, 

Stanno-trielhjlic  Hydrate  {SaEl^)-0-H, 

Stajino-triethylie  Oxide  {SnJEQf  0, 

Stanno-triethylic  Carbonate  {SnElsy/O./CO. 

The  methyl  and  amyl  compounds  are  formed  after  llie  same 
analogy,  and  also  others  which  contain  both  methyl  and  ethyL 
These  compounds  are  either  liquids  or  crystalline  solids.  The 
chlorides,  bromides,  and  iodides  are,  as  a  rule,  volatile  and  spar- 
ingly soluble  in  water.  The  oxides  and  oxygen  salts,  on  the 
other  hand,  generally  dissolve  freely  in  water,  and  are  more 
easily  decomposed  by  heat.  The  vapor  densities  of  several  of 
these  compounds  are  given  in  Table  HI.,  and  this  list  might  be 
greatly  extended. 

389.  ZIRCONIUM.  ^rt=  89.6.  ~  Tetrad.  Found  only 
in  Zircon,  Eudialyle,,  and  a  few  other  very  rare  mineral.  The 
elementary  substance  closely  resembles  silicon.  It  may  be  ob- 
tained by  similar  reactions  in  three  corresponding  slates,  amor- 
phous, crystalline,  and  graphiloidal.  Amorphous  zirconium  is 
a  very  combustible  black  powder.  The  crystals,  Sp.  Gr.  4,15, 
resemble  antimony  in  color,  lustre,  and  brittlenesa,  and  bum 
Mily  at  a  very  high  temperature.  The  graphitoidal  variety 
forms  very  light  steel-gray  scales.  Zirconium  is  very  infusible, 
is  but  slightly  attacked  by  the  ordinary  acids,  but  hydrofluoric 
acid,  and  in  some  conditions  aqua-regia.  dissolve  it  rapidly. 

390.  Zircomc  Chloride,  ZrCl,,  is  a  white  volatile  solid  (Sp. 
Gr.^  117.6),  which  dissolves  easily  and  with  evolution  of  heat 
in  water.  This  solution,  or  ihe  solution  of  the  hydrate  in  hy- 
drochloric acid,  yields  on  evaporation  a  large  mass  of  whit* 
silky  needles,  which,  when  healed,  lose  water  and  hydrochlorie 
acid,  leaving  an  osychloride,  Zr^O^Cl^ 

391.  Ziramie  Fluoride,  ZrFt,  is  likewise  a  volatile  white 
solid,  and  forms  a  crystalline  hydrate,  ZrFt .  Sff^O,  which  is 
decomposed  by  heat,  leaving  pure  ZrO^  Zircouic  fluoride 
unites  with  many  other  metallic  fluorides,  forming  salts  which 
are  isomorphous  with  the  corresponding  compounds  of  silicon, 
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titanium,  and  tin.     Tbe  following  symbols  illustrate  the  known 
types:  — 

Cadmio-zirconic  Fluoride  ZrF^  .  %CdF^ .  &H,0, 

TripotassLo-zirconic  Fluoride  ZrF^ .  3KF, 

Dipolassio-zirconic  Fluoride  ZrF^ .  2KF, 

Potaasio-zirconic  Fluoride  ZrF,  .  KF .  1/^0, 

Sodio-zircouic  Fluoride  2ZrF, .  5IfaF. 

392.  Zirconie  Hydrate,  precipitated  from  the  chloride  by 
ammonia,  and  dried  at  17°,  has  the  symbol  Zi^Ho^.  Dried  at 
a  higher  temperature,  {ZrOyH*^  It  is  a  yellowish,  translu- 
cent, gummy  mass,  having  a  conchoidal  fraolure.  The  hydrate 
precipitated  and  washed  cold  dissolves  easily  in  acids,  and,  very 
slightly,  even  in  water;  but  when  precipilaled  from  hot  solu- 
tions, or  washed  with  hot  water,  it  dissolved  only  in  concen- 
trated acids.    Zirconie  hydrate  acts  both  as  a  base  and  an  acid. 

There  are  several  zirconie  sulphates.  The  normal  salt  can 
be  crystallized,  and  the  formation  of  a  basic  sulphate,  which  is 
precipitated  when  a  neutral  solutiou  of  zircouia  in  sulphuric 
acid  is  boiled  with  potasaic  sulphate,  is  one  of  the  most  charac- 
teristic reactions  of  zirconium.  The  salts  of  zirconium  have  an 
astringent  taste,  and  the  solutions  redden  turmeric  paper. 

The  precipitated  hydrate  is  insoluble  in  caustic  alkalies,  but 
when  precipitated  by  a  fixed  alkaline  carbonate,  or,  better,  by  a 
bicarbonate,  it  dissolves  in  an  excess  of  the  recent.  Tlie  alka- 
line zirconales  can  be  obtained  by  fusion,  and  severnl  definite 
crystalline  zirconales  of  the  more  basic  radicals  have  been 
studied. 

393,  Zirconie  Oxide  {Zirconia),  ZrO^  is  obtained  by  heat- 
ing the  hydrate.  Prepared  at  the  lowest  possible  temperature 
it  forms  a  white  tasteless  powder  soluble  in  acids ;  but  when 
heated  to  incipient  redness  it  glows  brightly,  becomes  denser 
and  much  harder,  and  is  then  insoluble  in  any  acid  exce-^ting 
hydrofluoric  and  strong  sulphuric.  Zirconia  has  been  crystal- 
lized artificially  in  the  same  form  as  Tin-atone  and  Rutile. 

The  mineral  zircon  is  usually  regarded  as  a  silicate  of  zirco- 
nium, ZriO,iSi,  but  the  symbol  may  also  be  written  \_Zr,Si']tO^ 
and  this  view  harmonizes  with  the  fact  that  the  crystalline  form 
is  almost  identical  with  that  of  ZrO-^  SnO^  and  TtO-^.     Mere- 
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over,  several  isomorphous  varieties  of  this  mineral  are  known 
(Malacone,  Oerstedite,  &c.)  iu  wliich  the  proportions  of  Zr  and 
Si  are  quile  variable.  They  are  more  or  less  hydrous,  and  for 
the  most  part  comparatively  soft,  but,  like  pure  ZrO-^  tliey  be- 
come, when  heated,  exceedingly  hard  as  well  as  more  dense. 

394.  THORIUM.  rA:=  115.7.— The  mineral  Thorite,  or 
Orangeite,  is  essentially  a  liydrous  silicate  of  this  exceedingly 
rai-e  metallic  element,  wliich  has  also  been  found,  but  only  as  a 
subordinate  constituent,  in  Euxenite,  Fyrochlore,  Monazite, 
Gadolinite,  and  Orthite.  When  Thorite  is  decomposed  by  hy- 
drochloric acid  a  solution  of  thorie  chloride,  Th  01^,  is  obtained, 
from  which  the  caustic  alkalies  precipitate  a  hydrate  insoluble 
in  an  excess  of  the  reagenL  A  similar  precipitate  is  obtained 
with  the  alkaline  carbonates,  but  this  readily  dissolves  when  an 
excess  is  added  to  the  solution.  In  the  eame  solution  a  precip- 
itate is  obtained  with  oxalic  acid,  potasaic  sulphate,  and  potassic 
feri-o-cyanide. 

As  the  above  reactions  indicate.  Thorium  is  allied  in  many 
of  its  properties  to  the  melals  of  ihe  glucinum  and  cerium 
groups,  but  in  other  respects  it;  resembles  more  nearly  zirco- 
Dium,  with  which  it  is  here  associated.  The  anhydrous  oxide 
?XOj  is  a  white  powder,  which  glows  when  heated,  becomes 
more  dense,  and  after  ignition  is  insoluble  in  any  add  except 
concentrated  sulphuric  It  has  a  high  specific  gravity,  and  by 
fusion  with  boras  has  been  obtained  in  tetragonal  crystals  (Fig. 
57)  resembling  those  of  Tin-stone,  SnO^  and  Rutile,  TiOs- 
The  anhydrous  chloride  is  volatile,  and  (he  hydrated  chloride 
forma  a  radiate  crystalline  mass  like  ZrClf.  The  chloride  may 
be  reduced  by  sodium,  and  the  metal  may  be  thus  obtained  as 
a  gray  lustrous  powder  which  readily  burns  in  the  air. 


Questions  and  Problems. 
Titanium. 

1.  Compare  by  means  of  graphic  symbols  the  composition  of  Pe- 
rofskite  and  Menaccanite.  Can  they  be  regarded  as  similarly  con- 
stituted? 

2.  Write  the  reaction  by  which  titanic  chloride  is  made. 

3.  According  to  the  eapcriments  of  Isidore  Pierre,  0.8215  gramme 

19* 
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of  TiClf  yield  2.45176  grammes  of  AgCl.  Calculate  the  atomic 
weight  of  titanium,  and  state  clearly  tie  course  of  reasoning  by 
which  the  result  is  reached.  Ans.  50.34, 


5.  Write  the  reactions  which  take  place  when  a  Eolution  of  titanif- 
ous  iron  in  hydrochloric  acid  is  boiled  with  tin,  and  explain  the 
«  of  this.reaction  as  B  test 


6.  Write  the  reaction  by  which  TiF,  U  prepared,  and  also  show 
tiow  it  is  decomposed  by  water. 

7.  Represent  the  constitution  of  bydro-tjtanic  fluoride  by  a  graphic 
eymboi,  assuming  that  F  is  trivalent.' 

8.  Represent  in  a  tabular  form  the  possible  titanic  hydrates, 

9.  Do  the  hydrates  of  any  of  (he  preceding  elements  present  phe- 
nomena similar  to  those  of  titanic  hydrate  ? 

10.  Write  the  reaction  by  which  TiS,  is  prepared,  and  also  the 
reactions  by  which  crystals  of  TiO,  may  be  obtained. 

11.  Compare  the  speeilic  gravities  and  hardness  of  the  native  ti- 
tanic oxides.  What  would  these  differences  indicate  in  regard  to 
the  molecular  constitution  of  these  minerals  ? 

1 2.  Represent  by  graphic  symbols  the  constitution  of  the  nitrides 
of  til       " 


IS.  Point  out  the  analogies  between  titanium  and  the  plat! 
metals.     Is  titanium  in  any  way  related  to  iron  ? 


13.   Write  the  reaction  of  stannous  chloride  on  solution  atllgCl^ 

16.  Write  the  reaction  by  which  anhydrous  SnCl,  is  prepared. 

17.  Analyze  reactions  [354]  and  [355],  and  expldn  the  use  of 
tin  salts  as  a  mordant. 

18.  Write  the  reactions  by  which  anhydrous  SnCt,  is  prepared. 
10.   Represent  the  constitution  of  hydrous  stannic  chloride  by 

graphic  symbols,  and  apply  the  same  principle  to  the  interpretation 
of  other  similar  compounds. 

20.  Write  the  reaction  when  a  dilute  aqueous  solution  of  stannic 
chloride  is  boiled,  and  explain  the  use  of  this  solution  as  a  mordant. 

21.  Write  the  reaction  which  takes  place  when  stannous  hydrate 
is  boiled  with  a  concentrated  solution  of  potas^c  hydrate. 
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23.  Make  a  table  exhibiting  the  possible  stannic  hydrates,  and 
explain  the  difference  between  the  two  cbsses  of  these  compounds. 

23.  Write  the  reaction  wlileh  takes  place  when  a  dilute  aqueous 
solution  of  stannic  sulphate  is  boiled. 

24.  Write  the  reaction  which  takes  place  when  a  solution  of  sodic 
Btannate  is  boiled  with  ammonie  chloride, 

25.  Represent  the  constitution  of  meta.^tannic  hydrate  by  graphic 
synibob,  and  explain  the  two  opinions  which  have  been  entertained 
in  regard  to  it,  showing  how  far  they  are  sustained  by  iacts. 

2S,  Write  the  reaction  of  ^,5  on  a  solution  of  stannous  or  stannic 
chloride. 

27.  Write  the  reaction  which  takes  place  when  SnS  is  dissolved 
in  yellow  amnionic  sulphide,  and  that  which  follows  on  neutralizing 
the  alkaline  solvent  with  an  acid.  Write  also  the  reactions  when  an 
alkaline  hydrate  is  used  as  the  solvent. 

2S.  Point  out  the  analogies  and  the  differences  between  tin  and 
titaniuui.  By  what  simple  reaction  may  the  two  elements  be  sepa^ 
rated  when  in  solution? 

29.  How  is  tin  related  to  the  platinum  metals? 

30.  According  to  the  experiments  of  Dumas,  100  pirts  of  tin, 
when  oxidized  by  nitric  acid,  yield  12r.lOo  parts  of  SnO^  What  b 
the  atomic  weight  of  the  element,  assuming  that  the  oxide  has  the 
constitution  represented  by  the  symbol?  Ana.   118.06. 

SI.  On  what  facts  do  the  conclusiotw  in  regard  to  the  atomicity 
of  tin  and  the  constitution  of  its  several  compounds  rest? 

32.  Show  that  the  atomic  weight  of  tin,  deduced  from  the  percent- 
age composition  and  vapor  densities  of  its  compounds  with  the  alco- 
hol radicals,  agrees  with  the  value  given  above.  Show,  also,  that 
these  compounds  fully  illustrate  the  atomic  relations  of  the  elements. 

33.  State  the  reasons  for  clasang  zirconium  and  thorium  with  tin 
and  titanium. 

34.  Point  out  the  resemblances  between  zirconium  and  silicon, 
and  give  the  reasons  for  classing  zircon  with  tin-stone  and  ruiile. 
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395.  SILICON.  Si  =  28.  —  Tetrad.  Most  abundant  of 
the  elements  afl«r  oxygna,  forming,  as  is  estimated,  about  one 
fourtli  of  the  rocky  crust  of  the  globe.  Always  found  in 
nature  united  to  oxygen  either  aa  quartz,  SiO^  or  associated 
with  more  basic  radicals  in  the  various  native  silicales;,  many 
of  whose  symbols  have  already  beeo  given  (333)  (352).  The 
elementary  substance  may  be  obtained  in  three  different  condi- 
tions,—  amorphous,  graphitoidal,  and  crystalline, 

1.  By  decomposing  SiFf .  2A"^wiih  potassium  or  sodium, 
or  by  heating  the  same  meials  in  a  current  of  the  vapor  of 
SiClf,  silicon  is  obtained  as  a  dull-brown  powder,  which  soils 
the  fingers,  and  readily  dissolves  in  hydrofluoric  acid  or  a  warm 
solution  of  caustic  potash,  although  insoluble  in  water  and  the 
common  aeids.  When  ignited  it  burns  brilliantly,  but  the  grains 
soon  become  coated  with  a  varnish  of  melted  silicon,  which  pro- 
tects them  from  the  further  action  of  the  air. 

2.  The  brown  powder  just  described,  when  intensely  heated 
in  a  closed  crucible,  becomes  very  much  denser  and  darker  in 
color,  and  afterwards  is  insoluble  in  hydrofluoric  acid,  and  does 
not  hum  even  in  the  oxyhydrogen  flame.  It  does  dissolve, 
however,  in  a  mixture  of  hydrofluoric  and  nitric  acids,  or  in 
fused  potasaic  carbonate,  and  it  deflagrates  if  intensely  heated 
with  nitre. 

3.  At  (he  highest  temperature  of  a  wind-furnace  silicon 
melfa,  and  may  be  cast  into  bars  whieh  have  a  crystalline  struc- 
ture, a  sub-metallic  lu'stre,  and  a.  dark  steel-gray  color.  More- 
over, by  reducing  silicon  in  contact  wiih  melted  aluminnm  or 
zinc  the  molten  mHal  disaolves  the  silicon,  and  afterwards,  on 
cooling,  deposits  it  in  definite  crystal.  These  crystals  have  a 
reddish  lustre  and  the  form  of  diamond,  which  they  almost  rival 

396.  Silicic  Anhydride  or  Silica.  A'O;.  — By  far  the  most 
abundant  of  all  mineral  substances.  The  mineralogists  distin- 
guish two  principal  modifications.  Quartz  and  Opal.  Quartz 
crystallizes  in  the  hexagonal  system  (Figs.  6i  to  67),  has  a  Sp. 
Gr.  2.5  to  2.8,  is  so  hard  that  it  cannot  be  cut  with  a  file,  and 
even  in  powder  is  but  slightly  acted  on  by  hot  solutions  of  caus- 
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tic  alkfliiea,  Opai  is  amorphous  or  coIloiJal,  has  a  Sp.  Gr.  1.9 
to  2.3,  is  eas^ily  abraded  with  a  file,  and  dissolves  in  alkaline  so- 
lutions. Each  of  these  mineral  species  exhibits  numerous  va- 
rieties, determined  by  diiierences  of  Structure  or  admixlures  of 
different  bodies.  Among  those  of  quartz  maybe  mentioned 
common  quartz,  milliy  quartz,  smoky  quartz,  amethyst,  chal- 
cedony, carnelian,  agate,  onyx,  tlint,  iiornsione,  jasper,  sand- 
stone, and  sand.  Among  those  of  opal  we  have  pi'ecious  opal, 
common  opal,  jasper  opal,  wood  opai,  siliceous  sinter,  float-stone, 
and  tripoli.  These  two  conditions  of  SiO^,  however, are  some- 
times found  alternating  on  the  same  specimen,  and  the  chalce- 
donic  varieties  of  quartz  have  frequently  the  appearance  of  opal, 
through  which  state  they  probably  passed  in  the  process  of  for- 
mation. The  opals  are  more'or  less  hydrous,  but  the  water 
present  is  usually  regarded  as  unessential. 

Both  in  its  crystalline  and  in  its  amorphous  condition  silica 
is  insoluble  in  water  and  in  all  acids  excepting  hydrofluoric 
acid,  which  ia  its  appropriate  solvent,  Tlie  heat  of  the  oxyhy- 
drogen  flame  is  required  for  its  fusion,  but  at  this  temperature 
it  melts  to  a  transparent  glass,  and  may  be  drawn  out  into  fine 
flexible  elastic  threads,  the  fused  silica  affecting  the  amorphous 
condition.  When  added  in  powder  to  melted  sodic  or  potassic 
carbonate  it  causes  violent  effervescence,  and  if  the  siliea  is  pure 
the  product  is  a  colorless  glass.  Unless  the  silica  is  in  great 
excess  the  alkaline  silicates  thus  obtained  are  soluble  in  water, 
and  are  generally  known  as  soluHe  or  water  glass.  They  yield 
alkaline  solutions,  which  are  very  much  used  in  the  arts,  — 
].  As  a  cement  for  hardening  and  preserving  stone ;  2.  In  pre- 
paring walls  for  fresco-painting;  8.  For  mixing  with  soap ;  and 
4.  In  preparing  mordanted  calico  for  dyeing.  The  same  solu- 
tions can  be  also  made  by  digesting  flints  in  strong  solutions  of 
the  caustic  alkalies  at  a  high  temperature  under  pressure. 

397.  Silicic  Hydrates.  —  If  to  a  solution  of  an  alkaline  sili- 
cate in  water  hydrochloric  acid  be  added  gradually,  a  gelatinous 
precipitate  of  silicic  hydrate  is  formed,  which,  in  its  initial  con- 
dition, probably  has  the  composition  HofSi;  but  in  drying  it 
passes  through  every  degree  of  hydration,  and  the  various  hy- 
drates which  have  been  obtained  in  this  and  in  other  ways  may 
be  represented  by  the  general  formula 

nHo.Si  —  mH^O  =  Bo^-UO...S!,:).  [35C] 
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They  are  all,  however,  very  unslable  bodies,  some  losing  water 
at  low  temperatures,  and  others  very  hygroscopic,  so  that  it  is 
difflcultoto  obtaio  definite  compounds. 

If,  instead  of  making  the  experiment  as  just  directed,  a  dilute 
Bolution  of  an  alkaline  silicate  be  poured  into  a  considerable  ex- 
cess of  hydrochloric  acid,  no  precipitate  is  formed.  The  whole 
of  the  hj'drate  remains  in  solution  mixed  with  the  alkaline  chlo- 
rides and  free  bydrochioric  acid.  These  crystalloid  substances, 
however,  can  readily  be  separated  by  dialysis  from  the  colloid 
hydrate,  and  a  pure  solution  of  silicic  hydrate  may  be  thus  ob- 
tained containing  as  much  as  five  per  cent  of  SiOi^  Moreover, 
by  boiling  in  a  flask  the  solution  may  be  concentrated,  until  the 
quantity  of  silica  reaches  foarteen  per  cent.  This'  soluiion  is 
limpid,  colorless,  tasteless,  and  has  a  feebly  acid  reaction,  which 
a  very  small  quantity  of  K-Bb  ia  sufficient  to  neutralize. 

Evidently,  then,  silicic  hydrate  has  both  a  soluble  and  an  in- 
soluble modification,  but  the  last  is  by  far  the  most  stable  con- 
dition. The  concentrated  solution,  formed  as  above,  in  a  few 
days  completely  gelatinizes.  Moreover,  even  in  a  closed  vessel 
this  jeily  gradually  shrinks,  spontaneously  squeezing  out  the 
greater  part  of  the  water,  until  at  last  it  becomes  a.  hard  mass 
resembling  opal.  When,  however,  the  solution  ia  quite  dilute, 
it  can  be  kept  indefinitely  without  gelatinizing,  and  most  spring 
and  river  waters  hold  an  appreciable  amount  of  silicic  hydrate 
thus  dissolved.  The  power  of  dif^solving  silica,  which  natural 
waters  possess,  is  greatly  enhanced  by  the  presence  of  alkaline 
carbonates ;  and  when  the  action  of  the  alkaline  liquid  is  aided 
fay  a  high  temperature,  as  in  the  case  of  hot  springs,  laige 
quantities  of  silica  are  frequently  dissolved,  and  such  solutions 
have  undoubtedly  exerted  an  important  agency  in  the  geolog- 
ical history  of  the  earth.  Whenever  a  solution  of  silicic  hydrate 
is  evaporated  to  dryness,  the  whole  of  the  silica  is  rendered  in- 
soluble and  cannot  afterwards  be  dissolved  either  in  water  or 

398.  Silicates.  —  Although  it  is  impossible  to  isolate  the 
numberless  intermediate  silicic  hydrates  comprehended  in  [356], 
yet  we  find  in  nature  numerous  mineral  silicates  formed  after 
the  same  tj'pes,  and  which  may  be  regarded  as  derived  from  the 
hydrates  by  replacing  the  hydrogen  atoms  with  various  basic 
radicals.  These  silicates,  like  silica  itself,  affect  both  the  crys- 
lalUiie  and  the  colloidal  condition. 
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The  crystalline  silicates  are  represented  hy  numerous  well- 
defined  mineral  species,  and  by  tlie  rocks  which  are  simply  ag- 
gregates of  such  minerals.  They  liave  been  formed  in  many 
ways;  for  example, —  I.  By  deposition  from  solution;  2.  By 
the  action  of  heated  water  or  vapor  on  igneous  and  sedimentary 
rocks;  3.  By  the  slow  cooling  of  molten  siliceous  material. 

The  colloidal  silicates  are  represented  by  the  obsidians,  the 
pitch-stones,  and  other  volcanic  rocks,  which  have  probably  al- 
ways been  formed  by  the  sudden  cooling  of  melted  lavas.  To 
the  last  class  belong  also  the  various  artiGcial  ^licates  we  call 
glass,  and  the  slags  obtained  in  many  metallui^cal  processes. 
Thus  crown-glass  is  a  silicate  of  sodium  or  potassium  with  cal- 
cium, flint-glass  a  silicate  of  either  of  these  alkaline  radicals  with 
lead,  and  the  slags  silicates  of  calcium,  magnesium,  aluminum, 
and  iron  in  various  combinations.  Since  many  of  the  basic  hy- 
drates and  anhydrides  may  be  melted  with  silica  in  almost  every 
proportion,  we  do  not  find  in  the  colloidal  silicates  the  same 
definite  composition  aa  in  the  crystalliue  minerals,  but  tliey  are 
probably  in  all  eases  mixtures  of  definite  compounds; 

Most  of  the  silicates  are  fusible,  and  their  fusibility  is  in- 
creased by  mixture  with  each  other.  As  a  rule,  those  which 
contain  tlie  most  fusible  oxides  melt  the  most  readily,  and  the 
more  readily  in  proportion  as  the  base  is  in  excess.  Only  the 
alkaline  silicates- above  referred  to  are  soluble  in  wat«r.  Most 
of  the  hydrous  silicates,  and  many  which  are  anhydrous  hut 
contain  an  excess  of  base,  are  decomposed  by  acids ;'  but  the 
anhydrous,  normal,  or  acid  silicates  are,  as  a  rule,  unaffected  by 
any  acid,  except  hydrofluoric,  .although  they  can  be  rendered 
soluble  by  fusion  with  an  alkaline  carbonate.  When  the  fused 
mass  is  treated  with  HCl  -\-  Aq,  evaporated  to  dryrieas,  and 
again  digested  with  the  same  acid,  the  fiilica  remains  as  a  gritty 
insoluble  powder,  and  can  at  once  be  reeogniaed.  The  pres- 
ence of  silica  in  a  mineral  can  generally  also  be  discovered  by 
fusing  a  small  fragment  before  the  blow-pipe  with  mierocosmic 
salt.  This  decomposes  the  mineral,  but  does  not  dissolve  the 
silica,  which  is  left  floating  in  the  clear  bead. 

1  Soluble  compounds  of  the  bas[c  radicaJs  nre  thus  formed,  while  the  sihca 
separates  either  as  a  gelatinous  hydrala,  or  as  a  loose,  anhydrous  powder. 
SomelimBB,  however,  the  silica  also  dissolves,  and  generally  it  Is  taken  up  to 
alimiled  estent.  In  every  case  the  silica  becomes  anhydrous,  and  completely 
insoluble  if  the  solution  is  evaporated  to  dryness  at  the  boiling-point  of  water. 
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399.  ConsttCutim  of  Native  Silicales.  — The  symbols  of 
many  of  the  native  silicates  Imve  already  been  given,  and  tliose 
of  others  will  be  discovered  by  solving  the  problema  which  fol- 
low this  division.  Moreover,  the  principles  on  which  the.=e  sym- 
bols are  writien  have  been  fully  developed.  There  ia  still, 
however,  an  uncertainty  in  regard  to  the  constitution  of  some 
of  these  minerals,  and  it  is  not  alwajs  possible  to  deduce  from 
the  results  of  analysis  a  probable  rational  formula,  even  when 
these  results  are  tnown  lo  be  essentially  accurate.  This  uncer- 
tainly arises  fiom  several  causes :  —  1.  We  have  no  sure  crite- 
rion of  the  purity  of  the  mineral,  since  we  are  not  able,  as  in 
the  ease  of  artificial  products,  to  eliminate  admixtures  by  re- 
peated cryalallizations ;  2.  The  methods  commonly  ured  to  de- 
termine the  molecular  weight  of  compounds  (fi6)  entii'ely  fail 
in  the  case  of  these  BirLcalef,  and  this  important  element  for  fix- 
ing the  symbol  is  therefore  wanting^  (23).  Moreover,  when 
the  molecule  is  condensed  (that  is,  contains  several  atoms  of 
silicon)  unavoidable  inaccuracies  in  the  processes  may  vitiate 
conclusions  baaed  on  analysis  alone;  3.  The  constant  replace- 
ment of  one  radical  by  another  (214)  renders  the  composition 
of  most  silicates  very  complex,  and  we  are  frequently  at  a  loss 
to  determine  the  part  whii  h  a  given  radical  may  play  in  the 
compound.  This  is  especially  true  of  hydrogen,  for  we  have 
no  certain  means  of  decidmg  whether  the  atoms  of  this  element 
in  a  hydrous  silicate  are  a  part  of  the  molecule  itself,  or  only 
connected  with  it  in  the  water  of  crystallization. 

400.  Symbok  of  Native  Silicates.  —  The  composition  of  most 
native  silicates  may  be  so  varied  by  replacements,  without  any 
essential  change  in  external  qualities,  that  such  a  mineral  spe- 
cies cannot  he  distinguished  as  a  compound  of  definite  radicals, 
but  merely  as  conforming  to  a  certain  general  formula,  and  the 
only  specific  character  is  the  atomic  ratio  between  the  several 
composite  radicals  of  which  the  mineral  may  be  supposed  to 
consist  (214).  Thus  the  composition  of  common  Garnet  may 
in  general  be  represented  by  the  formula 

1  We  have  renaon  to  hope  thnt  a  more  accurate  knowledge  of  the  lairs  which 
govern  the  molecular  volume  of  compounds  In  ttie  Aoljd  coudition  may  here- 
after snpply  thia  deficiency. 
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but  It  may  be  either  Oa,  Mg,  Fe,  Mn,  or  Or,  and  ^R^  either 
E-^4]i  E-^"]*  *""  E  '-^J'  ^""^  gurnets  have  been  analyzed  in  which 
these  several  radicals  are  mixed  together  in  every  conceivable 
way  consistent  with  the  general  formula,  to  which  they  all  con- 
form. This  formula,  however,  is  merely  the  expression  of  a  deji- 
vite  ratio  between  the  atomicities  of  the  several  classes  of  radicals 
taken  as  a  whole,  and  in  the  last  analysis  this  ratio  is  itself  the 
specif  e  character.  Hence  the  great  importance  of  the  aiomic 
ratio  in  mineralogy,  and  we  have  already  seen  how  easily  it 
can  be  calculated  when  the  symbol  of  the  mineral  i^  given 
(Prob.3.  53  and  95,  pages  30-1  and  3!f7).  On  the  other  band, 
from  the  ralio  we  can  as  easily  construct  the  general  formula  of 
the  mineral.  Thus  in  tlie  case  of  garnet  the  ratio  between  the 
dyad,  hexad,  and  tetrad  radicals  is  C  :  6  :  12,  or  1  :  1  :  2,  which 
is  evidently  expressed  in  its  simplest  terms  by  the  symbol  above. 
In  works  on  mineralogy  the  atomic  ratio  is  given  for  each  of 
the  native  silicates,  and  in  any  case  this  ratio  is  easily  deduced 
from  the  results  of  analysis  by  simply  extending  the  method  for 
finding  the  symbol  of  a  body  whose  molecular  weight  is  un- 
known (page  43).  Having  obtained  the  several  quotients  which 
represent  ihe  relative  number  of  atoms  on  the  supposition  that 
the  molecular  weight  is  100,  we  next  multiply  each  of  these 
quotients  by  Ihe  quantivalence  of  the  respective  radicals.  Last- 
ly, we  add  together  these  products  for  each  class  of  replacing 
radicals,  and  compare  the  several  sums  thus  obtained.  For  ex- 
ample, an  actual  analysis  of  the  Bohemian  Gamet  (Pyrope) 
gave  Ihe  following  results: — 


St 

10.30              ( 

>!■              SiO, 

41.35 

IJl,-] 

11.92 

Al,0, 

22.35 

Ft 

7.73 

FeO 

9.94 

Jf» 

2.01 

M„0 

2.59 

Ms 

9.00 

"         ^fsO 

15.00 

Ca 

3.77 

CaO 

5.29 

Or 

3.1!) 

CrO 

4.17 

Dividing  now  each  per  cent  by  the  atomic  weight  of  the  radical, 
and  multiplying  by  its  quantivalence,  we  obtain  the  following 
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Si        (]9.30  -!-  28    )    X   i  =  2.76  2J6 

lAL']  (11.92  -=-  54.8)  X   6  =  1.31  1^ 

Fe       (  7.73  -~  56    )   X  2  =  0.27 

Mn     {  2.01  ^  55   )  X  2  =  0.07 

2lfg      (  9.00  -5-  24   )  X   2  =  0.75 

Ca       i  3.77  H-  40    )   X  2  =  0.19 

Or       (  3.19  -^  52.2)  X  2  =  0.12  1^ 

whence  we  deduce  the  ratio, 

1.40  :  1.31  :  2.76     or     1  :  1  ;  2  nearly. 
This  ratio,  although  not  exact,  ia  as  near  the  theory  as  we  can 
expect,  considering  the  material  and  methods  used,  and  is  as 
near  as  we  usually  obtain. 

There  is  an  uncertainty  in  the  results  of  all  calculations  of 
this  kind,  which  arises  from  the  lact  that  we  have  no  sure  guide 
in  selecting  the  radicals  to  be  grouped  together.  Although  it 
is  true  in  general  that  i-eplaeements  are  limited  to  radicals  of 
the  same  atomicity,  yet  most  mineralogists  admit  that  radicals 
of  the  form  [.Sj]!  may  replace  3S=,  and  some  go  so  far  as  to 
reckon  a  part  of  tlie  Si  among  ihe  hasic  radicals.  Hence  our 
results  are  to  a  certain  extent  arbitrary,  and  in  many  cases  give 
no  satisfactory  information  as  to  the  constitution  of  the  mineral 
analyzed ;  but  by  deducing  the  atomic  ratio  according  to  the  rule 
just  gi^en,  we  in  all  instance'*  reduce  the  results,  as  it  were,  to 
the  simplest  terras,  and  bring  them  into  a  form  In  which  they 
can  be  most  conveniently  compared  with  each  Other. 

It  is  usual  in  works  on  mineralogy  to  present  the  results  of 
analysis  on  the  old  dualiatlc  plan,  ns  if  the  mineral  were  formed 
by  the  union  of  various  basic  anhydrides  with  silicon.  Starting 
with  such  data  it  is  not,  however,  necessary  to  calculate  the  per 
cent  of  each  radical  in  the  assumed  anhydrides  before  applying 
the  above  rule,  because  obviously  by  dividing  the  per  cent  of 
each  anhydride  by  its  molecular  weight  we  shall  obtain  the  same 
quotients  as  before.  For  example,  in  the  analysis  garnet  dted 
above,  where  the  data  are  given  in  both  forms,  we  have 

Si  :  SiO^  =  19.30  :  41.85  or  19.30  -f-  28  =  41.S5  -^  60, 
and  so  for  each  of  the  other  values. 

In  the  symbols  of  the  silicates  as  formerly  written  on  the  du- 
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alistic  theory,  ihe  atoms  of  oxygen  were  necessarily  apportioned 
among  tlie  different  radicals  in  proportion  to  their  quaniivalenee, 
aJtbough  this  fundamental  distinctioD  between  them  was  itself 
overlooked.  Thos  the  general  symbol  of  garnet  would  be  writ- 
ten, dualistically, 

ZSO,-R,0„SSiO^ 

and  it  ia  evident  that  the  number  of  oxygen  aloms  is  in  each 
case  a  measure  of  ihe  relative  atomicities  of  Ihe  radicals  with 
which  they  are  asBodated.  Hence  the  atomic  ratio  might  also 
be  found  by  comparing  together  the  quantities  of  oxygen  which 
the  several  assumed  oxides  contain,  and  this  is  the  manner  in 
which  the  calculation  has  generally  been  made  hitherto.  Hence, 
also,  the  atomic  ratio  has  been  called  the  oxygen  ratio,  and  was 
long  used  in  mineralogy  before  its  true  meaning  was  understood. 
But  although  the  old  method  gives  the  same  results  as  the  new, 
it  is  not  in  harmony  with  our  modern  theories,  and  is  practically 
less  simple.  Moreover,  the  principle  is  far  more  general  than 
the  old  method  would  imply,  and  may  be  used  with  all  classes 
of  compounds  as  well  as  with  those  in  which  the  radicals  are 
cemented  together  by  oxygen.  Furthermore,  it  is  sometimee 
useful  to  compare  the  atomic  ratios  of  the  complex  radicals 
which  may  be  assumed  to  exist  in  different  minerals,  and  inter- 
esting relations  may  frequently  be  discovered  in  this  way  which 
the  old  method  would  entirely  overlook.  This  has  already  ap- 
peared in  solving  the  problems  under  aluminum,  and  requires 
no  further  illustration, 

401.  Silicic  Sulphide.  ^t'-^.  —  When  the  vapor  of  GS^  ia 
passed  over  a  mixture  of  silica  and  carbon  intensely  ignited, 
this  compound  is  deposited  in  the  colder  part  of  the  tube  in 
"long,  white,  silky,  flexible,  asbestiform  needles."  It  can  be 
volatilized  in  a  current  of  dry  gas ;  but  in  contact  with  moist  air, 
or  when  heated  in  aqueous  vapor,  it  rapidly  decomposes,  the 
products  being  TB.^  and  amorphous  silica,  the  latter  of  which 
retains  the  form  of  the  sulphide.  It  undergoes  a  similar  de- 
composition in  contact  with  liquid  water,  but  the  silica  formed 
dissolves  completely, and  the  solution,  when  concentrated,  yields 
the  same  singular  vitreous  hydrate,  resembling  opal,  described 
above, 

402.  Silicic  Flum-ide,  SiF^  is  a  colorless  gas  (Sp.  Gr.  =  52) 
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which  can  only  bo  reduced  lo  the  liquid  state  by  great  pressure 
and  cold.     It  ii  easily  prepared  by  the  reaclioa 

(^lOa  +  2CaF^  4-  2/7^504)  =t 

2{CaS0^ .  H.,0)  +  S!l?4.  [357] 

When  brought  in  contact  with  the  air  it  is  at  once  decomposed 
by  aqueous  vapor  and  forms  dense  fumes.     Passed  into  water 
it  is  absorbed  in  large  quantities,  and  the  products  are  silicic 
hydrate  and  hydi-o-silicic  fluoride. 
{^SiF^+  UI.,0  -\-  Aq)  = 

H.fOf^\  +  2(2^-F .  SiF^  +  Aq).  [358] 

The  same  solution  can  also  be  obtained  by  dissolving  sihca  in 
hydrofluoric  acid.  It  forms,  when  saturated,  a  verj  lour,  fum- 
ing liquid,  which  evaporates  at  40°  in  a  platinum  ie>'-el  niihout 
leaving  any  residue.  Hence  a  very  simple  way  of  tealiiig  the 
purity  of  silica. 

The  solution  of  hydro-silicic  fluoride  acts  as  a  strong  acid. 
It  dissolves  iron  or  zinc  with  the  evolulion  of  hydrogen,  and 
decomposes  many  metallic  oxides,  hydrates,  and  caibonates, 
forming  definite  salts.  It  is  therefore  frequently  called  siiico- 
fluoric  acid  {H.fSiF^,  and  iis  salts  are  named  si li co-fluorides. 
The  potassium  salt,  K^SiFi^  and  the  barium  salt,  Jia^SiF^  are 
both  sparingly  soluble  in  water,  and  may,  therefore,  be  readily 
obtained  by  precipitation-  Moreover,  since  the  corresponding 
sodium  and  strontium  salts  are  much  more  soluble,  this  reagent 
may  be  used  to  distinguish  potassium  fi-om  sodium,  but  more 
especially  barium  from  strontium-  Several  of  the  silico-fiuor- 
ides  may  be  readily  crystallized. 

Ammonic  sili co-fluoride  {N'lI^./SiFe .  xH.fi, 

Cupric  silico-fluoride  Ca-SiF^  .  IHfi, 

Manganous  silico-fluoride  Mn'SiFg  .  IHfi. 

403.  SUidc  Chloride,  SiCl,,  is  formed  by  passing  a  current 
of  chlorine  gas  through  an  intimate  mixture  of  silica  and  car- 
bon heated  intensely  in  a  porcelain  tube. 

siOs  +  Cb  +  2igi-(ai  =  2cg®  +  ^io^.    [359] 

It  ia  a  colorless,  volatile  liquid  {Sp.  Gr.  1.52),  boiling  at  50°, 
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and  is  decomposed  by  wKler  into  hydrocliloric  acid  Hnd  silicic 
hydrate.  Sp.  ®r.  of  vapor  5,94.  It  'n  also  slowly  decomposed 
by  ff,S. 

SiCl,  +  M,S=  SiC%,Hs  -f  HCl.  [360] 

The  new  product  is  a  colorless  liquid,  boiling  at  96°,  and  yield- 
ing a  vapor  whose  Sp,  ®r.  =  5.78. 

When  the  vapor  of'  SiC%is  pasted  through  a  while-hot  por- 
celain lube  it  undergoes  a  partial  oxidalioii,  and  is  in  part  con- 
verted into  an  oxychloride, 

2Si  01, -\-  0  =  Si,0  C%  +  cgi-^1,  [361] 

the  oxygen  required  coming  from  the  glazing  of  the  tube.  This 
compound  is  also  a  colorless  fuming  liquid,  resembling  tlie  chlo- 
ride.    It  boils  at  138°,  and  has  Sp.  ®r.  =  10.05. 

404.  Silicic  Bromide,  SiSr^,  may  be  formed  in  a  similar 
way,  and  closely  resembles  the  chloride,  but  is  less  volatile, 
boiling  at  153°,  and  crystallizing  at  from  12°  lo  15°.  Sp.  (S6t. 
of  vapor  12.05.  The  compound  SiOl^J,  0p.  ©r.  =  7.25,  is 
also  known. 

405.  Silicic  Iodide,  Sil^,  is  a  colorless  crj-stalline  solid,  melt- 
ing at  120'*.5,  and  boiling  at  about  290°.  Sp.  (®r.  of  vapor 
19.12.  It  crystallizes  in  regular  jicCahedi'ons,  and  is  obt^ned 
by  pas^ng  iodine  vapor  in  a  stream  of  CO^  over  ignited  silicon. 

40e.  Silicic  Hydride.  &"//,— One  of  the  silicic  ethers  (409), 
when  heated  with  sodium,  furnishes  this  remarkable  compound 
in  a  pure  condition. 

i{{CJI,)^O^SiH)  :=  3{(C^ff,\W,tSi)  +  ^im..  (302] 

The  sodium  induces  the  chemical  change  by  its  mere  presence. 
The  composition  of  silicic  hydride  has  been  determined  by  the 


SHE,  +  C^K-O-H-^-  H^O  4-  Aq)  = 

{KfO,fSiO  +  Aq)  +  431-JII.  [363] 

It  is  ft  colorless  ga?,  which  inflames  at  a  very  low  temperature 
(under  some  conditions  spontaneously),  and  yields  when  burnt 
silicic  anhydride  and  water. 
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407.  Silicic  Hydrochloride,  SiHCl^  ia  a  colorless  inflamma- 
ble liquid,  oblained  by  pasaiog  HVl  over  igniied  silioon.  It 
bas  6)].  @c.  =  4.64,  and  may  be  regu.rdtd  a^  the  clilui'idu  of 
the  radical  {SiByCl^,  corresponding  lo  ehloroform  {OH)^Cla 
among  the  compounds  of  carlion.  Tlie  corresponding  bromine 
and  iodine  compounds  are  also  known.  Whun  mixed  with 
water  these  substances  are  decomposed,  and  a  voluminous  white 
powder  u  formed  which  has  been  called  leukon. 

2SiNC%  +  3H,0=  {SiOIl)rO  +  GIfCL      [S64j 

Leukon  dissolves  in  the  alkaline  hydrates  or  carbonates,  yield- 
ing an  alkaline  silicate  and  evolving  liydi-ogen.  It  also  decom- 
poses water,  and  acts  in  general  as  a  re  luclng  agent. 

408.  Silicic  £lhide,  Si{  C^H^^,  and  Silicic  Methide,  Si{  GH^i, 
are  two  colorless  volatile  liquids,  prepared  by  heating  SiCli 
with  zinc  ethide  and  zinc  melhide  in  sealed  tubes.  They 
boil  respectively  at  30°  and  153°,  and  their  vapoi-s  have  a 
fi|l,  (St.  of  3,06  and  5.13.  Also  another  compound  has  been 
described  whose  symbol  may  be  written  0=&'l(  C^H^^ 

409.  Silicates  of  the  Organic  Radicals  or  Silicic  Ethers. — 
A  large  number  of  these  componnds  have  been  prepai'ed,  con- 
taining the  radicals  methyl,  ethyl,  and  amyl,  either  singly  or 
associated  in  different  combinations.  They  are  all  colorless 
volatile  liquids,  highly  combustible,  and  having  for  ihe  most 
part  an  ethereal  odor.  We  give  in  the  following  table  the 
symboh,  the  boiling-point",  and  the  vapor-densities  of  several 
of  (he  most  interesting  ethers,  and  of  the  chlorhj-drines  (349) 
derived  from  them. 


Sp.Gr. 

QfUquid, 

Vpc«l.adtj.     1 

Ob.. 

Ca!.. 

{CII,),WfSi 

1.059 

121°- 122° 

5.38 

5.26 

(0  J/,)  f  Of  Si- CI 

1.195 

114'.5-115° 

5.58 

5.42 

(CB,)i^OfSi-Cl, 

1,259 

98' -103° 

5.G6 

5.57 

{CH^)-0-Si'-Ck 

82° -86° 

5.66 

5.73 

{CHi)^OfSiiO 

1.144 

201°-202°.5 

9.19 

8.93 

{G,H,)^O^Si 

0.968 

leS'-lfiS" 

7.32 

7.27 
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SP.G,. 
Df  Liquid 

SDiUiig.pDint. 

Vspgr-dBD^il,. 

Ob.. 

C.l=.    j 

(,C,H,)fOfSi-H 

134° 

5.68 

l,C,ffMOfSi-Cl 

1.048 

157^ 

7.05 

6,81 

{O,a,)f0,-m-ci, 

1.44 

137° 

G.7C 

6.54 

(C,H,)'0'Si.Ol, 

1.201 

104° 

6.38 

6.22 

(,C,HMOm,0 

1.020 

12.02 

11.86 

(,ojr,',,^o,H,oy.OfSi 

130° 

7.69 

iOiJMo^.VOfSi 

1.004 

143° -146° 

C.18 

6.23 

{OH,),(,0,H,)fOfSi 

0.981 

1 55° -157° 

6.72 

{C,H,),(C,H„).,0/Si 

0.915 

245°  -  250° 

10.12 

(.C,H,),l,C,fUfOfSi 

0.913 

280°  -  286° 

11,57 

The  following  equations  illustrate  some  of  the  reactions  by 
whicii  Ibese  compounds  have  been  prepared  :  — 

4C,B,-0-JI-{-  SiCl,  =  {C^,)^OfSi  +  AHCl    [365] 

3{{C,H,)^0^Si)  4-  SiCh  =  i(CA)rOfSiCl.   [366] 

(C^ff,)^Ot^Si  +  SiCU  =  2{G^H,)^-0.fSiCl^.     [367] 

{G^K^j^OfSiCl -{-  QffnO'ff= 

{a^H,)^,{C,H^)Wi-SC-\-HC(.    [368] 

^GsH,)-0-H+  SiHC%  =  (CtB,)fOfSiff+  dJICL  [369] 

&{Ciff,)-0-ff+Si^OC!a  =  (0^,)SOSShO  -1-6  IICl.  [370] 

In  genera!,  these  reactions  may  be  obtained  by  simply  heat- 
ing together  the  several  factors,  enclosed  if  necessary  in  sealed 
tubes.  The  process  is  usually  complicafed  by  accessory  changes, 
and  a  mixed  product  results,  which  must  be  purified  by  repeated 
fractional  distillation. 
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Questions  and  ProUema. 


3.   Required  the  general  formula  of  the  following  mineral  apecies 
whose  atomic  ratios  are  given  in  the  table ;  — 


A 

s 

[^i 

a 

H 

Formula  required. 

Anorthite 

T 

3 

4 

i?,[fl,]-iLiO,.iii5'^ 

S^colite 

1 

1 

2 

^    iJ,[fi,].ilO^^S^ 

Epidote 

1 

3 

3 

/;.,rR,],wi-i0^xx,vL5^ 

Vesuvianite 

3 

2 

5 

Leueite 

1 

3 

8 

Beryl 

1 

1 

4 

loliUi 

1 

3 

5 

^„[/;j,.vLO„.vL5i.o, 

1 

3 

10 

A,,[flJ.iuO,.iH540. 

Natroiite 

1 

3 

6 

2 

I{,.lRJymO,yiaSi,0, .  2Hfi 

Analc-ime 

1 

3 

8 

2 

R^[R^~\^i\0,-.mSi,0^.2Hfi 

Harmotome 

1 

3 

10 

5 

«,[fi,]^rtLiO,viu5;,0. .  57^,0 

SlJlbite 

1 

3 

12 

_6_ 

R,{_R,'\'\i\0^-,MSi,0, .  6/7,0 

The  number  of  atoms  of  oxygen,  which  form  the  vinculum  in  each 
of  the  above  formula,  is  alwaya  necessarily  equal  to  the  total  atom- 
icity of  all  the  basic  radicals,  and  as  many  atoms  of  oxygen  are  asso- 
clal«d  with  the  acid  radical  as  are  required  to  complete  the  molecule. 
The  last  evidently  serve  to  bind  together  the  atoms  of  silicon  when 
they  are  in  excess  over  the  number  required  to  neutralize  the  base 
(151).  The  precise  form  we  give  to  the  symbols  is  in  great  meas- 
ure arbitrary,  and  must  be  determined  from  many  circumstances, 
which  do  not  influence  the  reaulM  of  analysis ;  and  the  great  advan- 
tage of  expressing  these  results  in  the  form  of  an  atomic  ratio  is  found 
in  the  fact  that  they  are  thus  reduced  to  the  simplest  terms,  and  ex- 
hibited independently  of  all  hypothesis,  leaving  each  student  to  con- 
struct the  fotmulio  according  to  his  own  theoretical  conceptions. 
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of  AnortLite,  Ssircolite,  and  Berj'l 


4.  Represent  the 
by  graplue  Bjmbols. 

5.  In  the  foUowmg  table  the  percentage  composition  of  a  number 
of  native  silli/ates  is  given  on  the  usual  plan,  as  If  they  were  eoni[K>sed 
of  ba^iu  anhydrides  and  silica.     It  is  required  in  each  case  to  deduce 

;t  the  formula. 


!f^0 

1^0 

Ll,0 

„o 

MgO 

Al,0, 

F/,0, 

SiO: 

Hfi 

lUtii,. 

WollBStODlla 

1:2 

Py™«n» 

8.0 

ia.t 

Tn 

&8.7 

!i 

Pefdile 

i.a 

aa 

i-14 

W.W! 

^7-^ 

rf7K 

«a 

1:2 

lU^M 

33* 

RM 

6.75 

Yin 

S:„CL 

14.1 

,., 

s 

mi 

8.a 

14.S 

1:3:8 

6.  It  was  formerly  supposed  that  the  symbol  of  silica  was  Sifi„ 
correspondirgtotbatof  boric  acid,  BjO,,  when  SI  =21  and  0=16. 
What  facts  can  you  adduce  in  support  of  the  symbol  adopted  in  this 
book? 

7.  Deduce  the  atomic  weight  of  silicon  from  the  data  of  (409)  ac- 
cording to  the  principle  of  (19).  It  is  assumed  that  Ibe  percentage 
composition  of  the  various  compounds  has  been  accurately  determined 
by  analyBLa. 

8.  Point  out  the  analogies  between  the  properties  of  silicic  fluoride 
and  chloride,  and  those  of  the  corresponding  compounds  of  boron. 

3.  Compare  the  chemical  qualitia 
elements  immediately  preceding  it  in 
element  is  it  more  closely  allied  ? 

10.  Compare  the  chemical  qualities  of  silicon  with  those  of  carbon, 
and  iliuBtrate  by  examples  the  analogies  between  those  elements. 

11.  Point  out  the  examples  of  chlorhydrines  in  the  table  of  (409). 

1 2.  Describe  and  illustrate  by  reactions  the  meliods  by  which  tbfi 
fiilicic  ethers  and  chlorhydrines  are  prepared. 
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410.  CARBON.  C=  12.  — Tetrad.  One  of  tl,e  most 
widely  difFused,  nnd  one  of  the  moat  importaot  elements  ia  the 
Bclieme  of  terrestrial  nature.  United  to  the  three  aenform  ele- 
ments, oxjgen,  hydrogen,  and  nitrogen,  it  forms  the  thief  solid 
Buhstratum  of  all  oi^anized  structures.  Comhined  with  oxygen 
it  forms  llie  carbonic  anhydride  of  the  atmosphere,  which  is  the 
food  of  ihe  whole  vegetable  world.  In  a  nearly  pure  condition, 
or  combined  with  hydrogen,  it  is  found  in  the  errata,  forming 
those  deposits  of  coal  and  petroleum  which  are  such  great  stores 
of  lighti  heat,  and  motive  power  (64).  Lastly,  it  is  an  essential 
constituent  of  Ilie  limestones  and  Dolomites,  which  constitute 
an  imporUnt  part  of  the  rocky  crust  of  the  globe  (279)  (312). 
The  elementary  substance  is  found  in  nature  in  three  very  dif- 
ferent conditions,  nnmely,  coal,  graphite,  and  diamond. 

411.  Coal.  —  All  organized  tissues,  and  many  other  carbo- 
naceous materials,  when  heated  without  free  access  of  air,  are 
charred ;  that  is,  the  volatile  ingredients  are  driven  off,  and  more 
or  less  of  the  carbon  is  left  behind  in  an  uncombined  condition. 
Common  charcoal,  animal  charcoal,  lamp-black,  ivory -blacli,  t'^c. 
are  all  artificial  products  of  this  kind,  and  mineral  coal  is  the 
charred  remains  of  the  rank  vegetation  of  an  early  geological 
epoch.  Since  carbon  is,  under  all  circumstances,  infusible  and 
non-volatile,  coal  frequently  retains  the  structure  of  the  oi^anic 
tissue  from  which  it  was  derived,  and  this  element  may  iherefore 
be  regarded  as  the  skeleton  of  all  organic  forms,  which  in  the 
process  of  growth  gather  around  this  solid  nucleus  the  elements 
of  air  and  wafer.  The  great  porosity  of  many  kinds  of  coal, 
which  results  from  its  organic  structure,  renders  it  a  powerful 
absorbent  both  of  aeriform  and  liquid  materials,  and  lienee  the 
use  of  wood-charcoal  as  a  disinfecting,  and  of  bone-black  as  a 
decolorizing,  agent.  The  ready  comhuslibllity  of  coal  is,  how- 
ever, the  most  characteristic  and  important,  as  it  is  the  most 
familiar,  quality  of  this  variety  of  carbon,  which  is  peculiarly 
adapted  for  its  all-important  uses  as  fuel,  not  only  on  account  of 
its  high  calorific  power,  but  also  because  it  retains  ils  solid  con- 
dition at  the  highest  furnace  heat,  and  because  the  product  of 
its  combustion  is  an  invisible  innocuous  gas,  the  appropriate 
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food  of  the  plant.  In  its  more  porous  conditions  coal  ia  a  non- 
conductor of  lieat  and  electricity,  lias  a  low  gpecitic  gravity  and 
3.  high  specific  heat,  both  varying,  however,  in  different  varieties 
between  quite  wide  limits. 

412.  GraphUe  has  usually  a  foliated  struclure,  and  is  found 
occasionally  in  small  six-sided  tables  belonging  to  the  third  sys- 
tem, but  it  is  also  met  with  in  compact  amorphous  masses.  From 
its  fiequent  association  with  crystalline  minerals,  evidently  the 
products  of  aqueous  action,  we  naturally  infer  that  it  must  have 
been  formed  in  a  similar  way;  but  the  nature  of  the  process  is 
not  understood.  Graphite  is  very  soft,  leaving  a  black  shining 
streak  on  jiaper,  and  has  a  i^-  Gr.  ^  1.209,  It  is  practically 
incombustible,  alihough  it  burns  slowly  in  an  oxybydrogen  flame. 
It  has  a  metallic  lustre,  and,  since  it  also  conducts  electricity 
nearly  as  well  as  the  metals,  it  has  been  called  metallic  carbon. 

The  carbon  which  separates  from  some  varieties  of  cast-iron 
when  the  molten  metal  slowly  cools  is  in  the  condition  of  graph- 
ite, and  the  cavities  in  iron  tlags  are  sometimes  lined  with  crys- 
talline pkfes  of  the  same  material.  Moreover,  when  coal  is 
intensely  heated  in  a  close  vessel,  it  acquires  ihe  characteristic 
lustre  and  conducting  power  of  the  same  mineral,  and  a  similar 
product  ia  formed  in  the  iron  retorts  in  which  illuminating  gas 
is  manufactured.  Ordinary  coke  also  sometimes  approaches  the 
same  condition,  but  all  these  materials  are  very  hard,  and  thus 
differ  fiom  true  graphite. 

Graphite  may  be  obtained  in  a  stale  of  minute  sub-division 
by  healing  with  strong  sulphuric  acid  the  coarsely  pulverized 
mmeni,  previously  mixed  with  one  fourleenth  of  its  weight  of 
potassic  chlorate,  and,  after  washing  with  water  and  drying. 
Igniting  tiie  residue.  If  this  process  is  many  times  repealed 
the  graphite  is  converted  into  a  yellow  crystalline  product  which 
has  been  called  graphitic  acid,  and  which  has  been  regarded  as 
a  peculiar  compound  of  the  graphitoidal  condition  of  carbon. 
Analysis  gives  the  symbol  On^tO^ 

413.  Diamond. —  This  well-known  gem  is  also  a  crystalline 
condition  of  carbon.  It  affects  the-forms  of  the  monometrio 
system,  and  may  be  cleaved  in  directions  which  are  pnrallel  to 
the  faces  of  the  regular  octahedron.  Its  peculiar  brilliancy  is 
due  to  a  very  high  refractive  and  dispersive  power  united  to  a 
strong  lustre  called  adamantine.    The  effect  is  greatly  increased 


oy  Google 


460  CAEBON.  [§413. 

by  tlie  lapidary,  who  cuts  numerous  faceta  on  the  gem,  which 
reject  and  di^pei'se  the  light  in  various  directions  Diamond 
is  the  hardest  substance  known,  and  can  therefore  only  be  eut 
wiih  its  own  powder.  Opaque  stones  called  "black  diamonds," 
which  are  otherwise  valueless,  are  pounded  up  and  used  Cur  this 
purpose.  On  account  of  il£  great  hardness  the  diiimond  is  also 
used  for  cutting  glass,  and  the  convex  faces  of  the  crystals  en- 
able them  to  bear  tlie  necessary  pressure  wiihout  breaking. 
The  diamond  burns  at  a  high  temperature  much  more  reiidily 
than  graphite,  and  in  an  atuiospliere  of  pure  oxygen  sustains  its 
own  combustion,  yielding  OO2  like  all  other  forms  of  carbon. 
It  is  a  poor  conductor  of  eleelricity,  but  when  inlensely  heated 
in  the  voli^c  arc  it  suddenly  acquires  this  power,  becomes  spe- 
cifically lighter,  and  is  converted  into  a  kind  of  coke.  The  dia- 
mond has  never  been  made  artificially,  and  we  have  no  knowl- 
edge as  to  its  origin.  It  is  found  in  alluvial  soil  at  only  a  few 
localities,  chiefly  in  India,  Borneo,  and  Brazil. 

It  will  thus  be  seen  that  carbon  presents  the  most  remarkable 
example  of  allot ropism  which  has  been  observed  in  nature,  and 
the  essential  differences  between  the  three  stales  appear  chiefly 
in  the  form,  density,  and  capataty  for  heat,  which  we  sum  up  in 
the  table  below :  — 

Crystomne  form.  Sp.  Gr.  Sp   Hest 

Wood  Charcoal  Amorphous  0.300  0.2415 

Graphite  Hexagonal  2.300  0.2027 

Diamond  Isometric  3.500  0.1469 

In  all  these  forms  carbon  is  chemically  tlie  same,  and  yields 
the  same  product  (OO.2)  when  burnt.  It  is  not  only  non-vola- 
tile and  infusible,  but  does  not  even  soften  in  the  holiest  fire; 
although  in  ihe  experiments  of  Despretz,  with  a  voltaic  battery 
of  intense  energy,  it  appears  to  have  undergone  int- ipient  fusion, 
and  to  have  been  partially  volatilized.  Lastly,  although  com- 
bustible at  a  high  temperature,  yet  under  ordinary  conditions 
carbon  efieclually  resists,  and  for  an  indefinite  period,  the  action 
of  all  atmospheric  agents,  and  its  uses  for  fuel  on  the  one  hand, 
and  for  printing-ink  on  the  other,  are  remarkable  illustrations  of 
the  singular  twofold  aspects  of  this  element  in  the  economy  of 
nature. 
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CARBON   AND   OXYGEN,   OR   SULPHUR. 

414.  Carbmie  Anhydnde.  CO^.  — With  this  aerirom  pro- 
duct of  ordinary  combustion  the  student  must  have  alieiidy  be- 
come familiar.  Although  a  gas  under  ordinary  conditions,  it  can 
be  condensed  by  pressure  and  cold  to  a  colorless  limpid  liquid, 
which  freezes  by  its  own  evaporation  to  a  light  floeculenE  solid, 
outwardly  re^embliDg  snow,  a  condition  in  wliich  it  is  used  to 
pixiduce  a  great  degree  of  cold.  As  a  gas  it  is  distinguished  by 
the  absence  of  all  those  quaiiiies  wliich  affect  llie  senses,  and 
hence,  although  playing  such  an  important  part  in  nature,  it  es- 
caped notice  until  the  year  1757,  when  it  was  first  discovered 
by  Dr.  Black.  It  is  not  only  a  product  of  the  combustion  of 
all  carbonaceous  materials,  and  of  the  slow  oxidation  of  organic 
tissues  called  decay,  but  it  is  also  one  of  the  chief  products  of 
respiraiLon,and  of  the  other  processes  of  animal  life.  Carbonic 
anhydride  is  likewise  formed  during  fermentation,  and  is  the 
cause  of  the  effervescence  in  all  fermented  liquids.  It  is  a  pro- 
duct of  volcanic  action,  and  is  copiously  evolved  from  the  earth 
in  many  localities,  especially  in  volcanic  districts.  As  it  is  much 
heavier  than  the  air,  Qp,  ®r,  =  J. 529,  it  not  unfrequently  col- 
lects in  wells,  mines,  and  caverns,  and  it  is  the  choke-damp  which 
has  occasioned  so  many  serious  accidents;  for,  although  not, 
properly  speaking,  poisonous,  the  free  secretion  of  carbonic  an- 
hydride from  the  body  is  an  essential  condition  of  life,  and  this 
is  arrested  as  soon  as  the  amount  in  the  atmosphere  exceeds  a 
few  per  cent.  Hence  also  the  necessity  of  ventilating  crowded 
apartments. , 

Although  an  immense  flood  of  carbonic  anhydride  is  being 
constantly  poured  into  the  atmosphere  from  the  various  sources 
jnst  enumerated,  yet  in  the  beautiful  balance  of  creation  the 
plant  restores  the  equilibrium  which  these  causes  tend  to  dis- 
turb. This  product  of  animal  life,  of  decay,  and  of  combustion 
is  the  food  of  the  vegetable  wnrld,  and,  as  has  been  slated  (64), 
the  sun's  rays  acting  on  the  Xpv,  es  of  the  plant  undo  the  woi  k  ot 
destruction,  and  while  the  flant  fixes  the  c-irbon  in  its  tsaues, 
the  oxygen  is  restored  to  ihe  atmosphere  While  the  plant  is 
an  apparatus  of  retluction  the  animal  is  an  •ipp»ratu«  of  com 
bustion,  in  which  the  carbon  it  receives  with  it's  food  is  burnt 
in  each  act  of  hfe,  and  every  breath  carries  back  caibonic  an 
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hydride  to  the  atmosphere,  ready  to  be  reabsorbed  by  the  plant, 
and  repass  through  the  phases  of  organic  life. 

"Water  dissolvea  very  nearly  its  own  volume  of  carbonic 
anhydride  gas  (53),  and  this  important  agent  is  as  universally 
diffused  through  tlie  waters  of  the  globe  as  it  is  through  the 
atmosphere,  and  sustains  the  same  intimate  relations  to  the 
plants  and  animals  which  inhabit  the  water  as  it  does  to  those 
whicli  live  in  the  air.  Moreover,  in  ihis  condition  of  solution 
carbonic  anhydride  is  a  vevy  active  and  important  agent  in  the 
mineral  kingdom,  exerting  a  powerful  solvent  action  on  many 
minerals  which  would  be  otherwise  nnalTected  by  water,  and 
thus  ciusing  exten«iTe  geological  changes.  (279),  (31 2),  and 
Pi-ob  67,  page  394 

Although  the  solution  of  CO^  in  water  acts  in  all  respects 
like  a  simple  "iolutLon  (54),  jet  there  are  reasons  for  regarding 
it  as  a  solution  of  caibonic  acid,  and  writing  its  symbol  thus, 
(H._  0  OO-^r  Aq)  It  ha<i  an  acid  reaction  (39),  and  dissolves 
iron  with  the  evolution  of  hydrogen  gas  (335).  Moreover,  it 
neutralizes  many  basic  hydrates,  and  such  reactions  are  most 
simply  regai-ded  as  examples  of  direct  metathesis,  thus :  — 

(Ca-OfR,  +  H.fOfCO.-\- Aq)  = 

Oa-O^'CO  +  {IH^O -\- Aq).  [371] 

Carbonic  acid  is  a  weak  dibasic  acid,  and  forms  two  distinct 
classes  of  salts,  the  most  important  of  which  have  already  been 
described  (I2;3),  (124),  &c,and,  as  may  be  inferred  from  what 
has  been  said,  carbon  is  nest  to  silicon  the  most  abundant  acid 
radical  in  the  mineral  kingdom. 

The  quantity  of  00^  formed  by  the  burning  of  a  known 
weight  of  carbon  can  be  collected  and  weighed  with  the  greatest 
accuracy,  and  it  was  thus  that  the  atomic  weight  of  carbon  was 
determined.  Dumas  found  in  a  series  of  very  accurate  experi- 
ments that  100  parts  of  pure  carbon  yield  exactly  366.66  +  parts 
of  OOj. 

415.  Carhonie  Oxide,  00,  is,  like  00^  a  colorless  gas,  but 
contains  in  the  same  volume  only  one  half  as  much  oxygen,  and 
its  molecules  not  being  saturated,  act  as  powerful  dyad  radicals 
(G9).  The  gas  is  devoid  of  odor  or  taste,  is  very  poisonous,  is 
but  slightly  soluble  in  water,  and  has  never  been  condensed  to 
the  liquid  slate.     "When  ignited  it  burns  with  a  blue  flame,  and 
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when  in  contact  with  healed  metallic  oxides  it  acts  as  a  power- 
ful reducing  agent,  in  each  case  eagerly  ahsorbiug  more  oxygen 
without  changing  ita  volume.  It  is  I'ormed  abundantly  in  all 
furnaces  and  grates  whenever  the  first  product  of  combustion, 
always  CO.j,  subsequently  passes  Ihrougli  a  mass  of  ignited  car- 
bonaceous combustible,  and  it  plays  an  important  pai't  id  many 
laetallurgLcal  processes,  not  unfrequeDtly  occasioning  a  great 
loss  of  heat  by  escaping  combustion.  It  is  also  formed  when 
steam  is  passed  over  ignited  coal,  and  it  is  a  chief  ingredient  in 
tlie  so-called  water  gas. 

Carbonic  oside  may  be  obtained  in  a  pure  condition  by  a 
number  of  chemical  reactions,  of  which  the  following  is  the 
moat  available :  — 

Fe-0.rSO^+2Ki0.rSO^  +  ^NH,)iOtSO^+(i^®.  [S72] 
So,  also,  when  oxalic  acid  ia  dehydrated,  —  best  by  heating  the 
crystals  with  concentrated  sulphuric  acid,  —  it  breaks  up  into 
CO2  and  GO,  which  are  evolved  in  equal  volumes,  and  the  CO 
may  be  isolaled  by  passing  the  gas  through  a  solution  of  caustic 
alkali  which  absorbs  the  00^ 

HfOfC^O^  —  H^O  ^  (3®,  +  ®®.  [373] 

In  theoretical  chemistry  CO  is  chiefly  interesting  as  an  im- 
portant acid  radical,  and  when  acting  in  this  capacity  it  is  usu- 
ally known  as  carbonyl.  It  is  the  acid  radical  not  only  in  the 
normal  carbonates,  but  also  in  almost  all  of  the  organic  acids. 
The  following  beautiful  synthetical  reaction,  obtained  by  simply 
heating  carbonic  oxide  gas  with  potassic  hydrate,  illustrates  the 
relations  of  this  radical  to  an  important  class  of  organic  acids. 
K-O-ff-^  CO  =  K-O-(CO-H).  [374] 

Under  the  influence  of  direct  sunlight,  carbonic  oxide  combines 
directly  with  chlorine,  forming  OO^Ol^,  called  phosgene  gas. 
This  compound  is  at  once  decomposed  both  by  water  and  am- 
monia (Nlf^),  and  in  each  of  the  resulting  reactions  the  radical 
CO  evidently  retains  its  integrity. 

00-01,  +  HiO  =  2ffCT+  CO^.  [375] 

CO'Cl^  +  4jVP=  H,,HmfOO  -f  2NI£,a.      [376] 
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41G.  Oxalic  Acid.  I/i^0i^Ci,0j .  2H^0.  — The  anhydride 
of  this  acid,  C^O^  liaa  never  been  obtaioed,  and  tlie  acid  itself 
forma  the  first  term  of  an  important  series  of  com  pounds,  all  of 
which  contain  hydrogen.  Stricily,  therefore,  it  cannot  be  classed 
with  (he  simple  compounds  of  carbon  and  oxygen,  but  neverthe- 
less it  is  best  studied  in  this  connection. 

T!ie  calcic  and  potassic  salts  of  oxjdic  acid  are  found  in  the 
juices  of  many  plants,  and  when  organic  bodies  are  oxidized  by 
nitric  acid  or  similar  agents,  this  acid  is  one  of  the  most  com- 
mon pi'oducts.  It  is  made  in  the  arts  by  the  action  of  nitric 
acid  on  sugar  or  starch,  and  also  by  heating  sawdust  with  caustic 

Oxalic  acid  easily  crystallizes  in  prisms  which  have  the  com- 
position indicated  above.  These  ci-ystals  lose  their  water  of 
crystallization  at  100°,  and  at  100°  the  body  ib^elf  is  broken 
up,  the  products  being  carbonic  anhydride  and  formic  acid ; 
but  (he  giejiter  part  of  ihe  last  is  stili  further  decompo^^ed  into 
water  and  carbonic  oxide,  and  a  portion  of  the  oxalic  acid  al- 
ways sublimes  unchanged. 

C^^Oi^  CffiO^+  CO^  &ad  Cff^Oi=  jff^O -^  CO.    [877] 

"When,  however,  the  acid  is  heated  with  glycerine,  the  reaction 
is  arrested  at  the  first  stage,  and  yields  the  equivalent  quantity 
of  formic  acid. 

Oxalic  acid  is  both  diatomic  and  dibasic.     Thus  we  have 
Normal  Potassic  Oxalate  K^^O-fCfi^.    M^O, 

Acid  Potassic  Oxalate  {Salt  of  Sorrel)  H^K-OiC^O^.  H^O, 
Super-acid  Potassic  Oxalate  H,K'  Oi  C^  0^ .  H^-  Of  C^  0^ .  1H^  0. 

The  last  is  usually  regarded  as  a  molecular  compound.  With 
the  exception  of  the  alkaline  salts,  the  oxalates  are,  as  a  rule, 
insoluble  or  difficultly  soluble  in  water,  and  on  the  great  insolu- 
bility of  calcic  oxalate  several  important  analytical  processes 
depend. 

Calcic  oxalate,  when  heated,  is  converted  into  calcic  car- 
bonate. 

Ca-OiC^O^  =  Ca'O^'CO  +  CO.  {:378] 

"WTien,  however,  the  acid  itself  is  heated  with  an  excess  of  lime, 
we  obtain  a  somewhat  different  result. 

HiO^-C^O^  +  2CaO  =  2Ca^0i^C0  +  JT-K    [379] 
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Oxidizing  ageiita  convert  oxalic  acid  inio  COj  (Prob.  18, 
page  301)  by  removing  the  typical  hydrogen. 

H^OiCiOi  +  0  =  H^O  +  2C0j.  [380] 

Substances  liaving  a  strong  atfraclion  for  water  transform 
the  acid  into  CO.^  and  CO  [373], 

Argentic  oxalate,  when  heated,  is  resolved  with  explosion 
into  metallic  silver  and  €0^ 

AgiOt'C^O^  =  Ag-Ag  -\-2C0^  [381] 

On  the  other  hand,  vrhen  an  amalgam  oF  potassium  is  heated 
in  an  atmo^-phere  of  COg  the  gas  is  absorbed  and  polassic  ox- 
alate results. 

K-K-{-  2  GO^  =  KfOiC^O^.  [382] 

.These  reactions  ^1  justify  the  rational  symbol  assigned  to  ox- 
alic acid,  and  by  welting  the  symbol  as  in  the  mar- 
gin the  relation  of  the  atoms  is  made  more  evident  JJ'0-C=0 
We  thus  see  that  dry  oxalic  acid  may  be  regarded  H-0-0'0 
aa  formed  by  the  union  of  two  atoms  trf  tlie  com- 
pound radicid  (Bb-CO)-,  held  together  by  one  affinity  of  each 
of  the  carbon  radicals,  which,  when  not  thus  satisfied,  may  join 
the  radical  to  any  other  group  of  atoms  that  is  in  the  condition 
to  hold  it.  This  radical  is  called  osatyl,  and  dry  oxalic  acid  ia 
evidently  the  corresponding  radical  substance.  Oxatyl,  as  ia 
evident,  is  not  only  univalent,  but  also  monobasic,  and  therefore 
must  transform  any  group  of  atoms  to  which  it  is  united  into 
an  acid.  Moreovw,  the  basicity  of  such  an  acid  will  be  meas- 
ured by  the  number  of  atoms  of  oxatyl  which  it  contains.  Now 
nearly  itll  the  so-called  organic  adds  may  be  regarded  as  com- 
pounds of  oxatyl  with  the  different  hydrocarbon  radicals. 
Those  containing  one  atom  of  oxatyl  are  monobasic,  those  con- 
taining two  atoms  are  dibasic,  those  cMilaining  three  are  triba- 
sic  Oxatyl,  however,  must  itself  be  regarded  as  a  compound 
of  carbonyl  with  hydroxL  and  thus  we  arrive  at  this  important 
general  principle.  Tfie  basicity  of  an  organtcacidis  deteTmined 
l^  the  number  of  atoms  of  ffo  which  it  contains  associated  with 
carhonyl}     Moreover,  it  now  appears  why  the  basicity  may  be 
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leas  tlian  the  alomicily;  for  tlie  last  is  measured  by  the  total 
number  of  JIo  aloms  present,  however  united  to  the  nucleus  of 
the  compound  (43).  But  while  the  hydrogen  of  all  the  Jib 
atoms  in  a  compound  may  be  displaced  by  very  positive  met- 
als, or  conipound  radicals  of  either  class,  we  can  only  displace 
by  double  decomposition  v)ilh  bases  the  hydrogen  of  those  atoms 
which  are  associated  with  carbonyl. 

The  explanation  of  this  important  principle  seems  io  be  (hat, 
while  a  strong  positive  melal,  such  as  sodium,  will,  like  a  pow- 
erful magnetic  pole,  increase  the  attraction  of  the  point  of  affin- 
ity to  which  it  is  opposed,  and  thus  give  to  it  an  energy  it 
would  not  otherwise  po.^sess,  yet  in  the  ordinary  metathetical 
reactions  the  atoms  of  hydrogen  cannot  be  displaced  unless  they 
are  in  a  polar  condition,  such  as  is  determined  by  their  associ- 
ation with  carbonyL 

417.  Oarbomc  Sulphide.  CS^  —  Charcoal  bums  in  an  at- 
mosphere of  sulphur  vapor  with  almost  as  much  energy  as  in 
oxygen,  forming  a  colorless  gas,  which  at  the  ordinary  temper- 
ature of  the  air  condenses  to  a  very  volatile  liquid,  distinguished 
for  its  very  great  refractive  and  dispersive  power,  and  much 
used  in  the  arts  as  a  solvent  of  phosphorus,  sulphur,  and  caout- 
chouc. The  compound  OS  has  never  been  obtained  in  a  free 
state,  but  the  following  reactions  indicate  that  it  exists  as  an 
acid  radical  in  certain  sulphur  salts  (38). 

K^S-^-  CS^  =  KfSi-OS.  [383] 

{Pb--0.f{]srO;,^  +  KfS^^CS  +  Aq)  = 

Ph-Si^CS  +  {2K-0'N0^  +  Aq).  [384] 

Pb-SiCS-{-  {H^S-^  Aq)  =  PbS-\-  {HfSiCS-\-Aq).  [385] 

CARBON  AND  NITROGEN. 

418.  Cyanogen.  CN.  — Although  carbon  will  not  combine 
directly  with  nitrogen,  yet  when  healed  in  an  atmosphere  of 
this  gas,  and  in  the  presence  of  a  strong  alkaline  base,  the  two 
elements  unite  with  the  alkaline  metals,  and  the  resulting  pro- 
of the  most  I'mportant  contributions  recently  made  to  Chemistry,  And  the  an- 
ther would  here  BokDowledga  his  great  indehtedness  to  th"  paper"  of  this  emi- 
nent cheniist  in  theprBparationof  the  present  division  of  this  work. 
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duct  contains  the  compound  radical  CN^,  with  which  the  stu- 
deot  is  already  familiar,  under  tbe  name  of  cyanogen. 

Kf  0,-00  +  4C+  if=JV=  2K-CN-\-ZC0.     [386] 

Like  carbonyl,  cyanogen  is  a  very  strong  negative  or  acid 
radical,  and,  if  we  accept  the  theory  of  Frankliind,  we  need  admit 
no  otiier  acid  radical  than  ihese  two  "in  investigating  the  whole 
range  of  organic  compounds."'  Inmany  of  its  chemical  relations 
cyanogen  closely  resembles  the  elements  of  the  chlorine  group, 
forming  many  compounds  which  are  analogous  to  Ihe  cone- 
sponding  chlorides,  bromides,  and  iodides,  but  in  other  respects 
it  differs  widely  from  these  elements,  both  on  account  of  its 
compound  nature,  and  the  singularly  complex  relations  of  the 
two  elements  of  which  it  consists.  Its  univalent  condition  is 
an  obvious  result  ot  tlie  atomicities  of  its  two  constituents. 

419.  Cyanogen  Gm,  CN-CN  or  Cy-Cy.  bears  the  same  re- 
lation to  the  radical  GN  that  chlorine  gas  hears  to  the  element 
chlorine  (60),  (IIS).  ll  is  easily  made  by  heating  mercuric 
cyanide. 

HgCy;  =  ^  -f  ©y-tgy.  [387] 

At  the  same  time  a  brown  non-volatile  product  is  formed  which 
is  called  paraoyanogen.  This  body  is  isomeric  with  the  gas, 
but  probably  represents  a  more  condensed  molecular  condition, 
and  is  converted  wholly  into  cjanogen  when  heated  in  an  inert 
atmosphere. 

Cyanogen  has  been  condensed  to  a  liquid,  boiling  at  — 20°.7, 
and  freezing  below  — 34°,  which  is  its  melting-point.  The  gas 
is  colorless,  has  a  suffocating  odor,  and  is  poisonous.  It  bums 
with  a  beautiful  flame,  which  recalls  the  color  of  peach-bloasoms, 
and  the  products  of  its  combustion  are  COj  and  N-N.  It  dis- 
solves in  water,  hut  not  so  freely  as  in  alcohol.  The  aqueous  so- 
lution, moreover,  is  not  permanent,  for  the  cyanogen  slowly  unites 
with  the  elements  of  water,  changing  into  ammonic  oxalate. 

ON-  ON  -[-  4^2  0  =  iNHt)f  Of  C;  Oi.  [388] 

1  There  is,  however,  a  class  of  somewhat  obscure  acids,  formed  by  the  action 
otHrOrSO,  on  various  oi^nlo  substajiees,  in  which  the  radical  (Ho-SO^)- 
appears  to  play  the  eame  part  as  the  radical  oxaCyl  in  the  compounds  just  no- 
ticed. Such  bodies  were  Tormerly  said  to  be  copulated  sr  conjugated,  and 
these  tenns,  though  latterly  discarded,  were  not  wholly  inappropriate. 
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On  the  otlier  hand,  when  animonic  oxalate  is  heated  the  aciion 
is  reversed,  and  these  facts  show  bow  easily  earbotij'l  and  cyan- 
ogen are  convertible.  Cyanogen  unites  directly  with  potassium, 
forming  A"- CiV. 

420.  Hydrocyanic  Acid.  .ff-CiV;  — The  anhydrous  acid  (a 
combu!<tible  and  very  volatile  liquid)  is  most  readily  obtained 
by  passing  H.jS  over  HgCy^  but  »  solution  of  the  acid  in  water 
(the  prussic  acid  of  pharmacy)  may  be  made  by  distilling  po- 
tas^ic  cyanide  or  ferro-cyanide  with  dilute  sulphuric  acid. 

Hydrocyanic  acid  has  the  peculiar  odor  of  bittt^r  almonds, 
and  i^  intensely  poisonous.  It  is  a  very  unstable  body,  and 
both  the  hydrous  and  the  anhydrous  acid  undergo  spontaneous 
decomposition,  which  is  greatly  accelerated  by  the  action  of  the 
light.  When  diluted  with  water,  and  mixed  with  a  mineral 
acid,  it  is  more  permanent,  but  it  is  so  volatile  that  even  the 
very  dilute  acid  used  in  pharmacy  rapidly  loses  strength  when 
exposed  to  the  air. 

By  absorption  of  the  elements  of  water  both  ammonic  oxalate 
and  ammonic  formate  are  slowly  formed  in  the  aqueous  acid. 
The  first  by  a  reaction  similar  to  [388J,  and  the  second  thus, 

H'CI>r~\-'iH^O  =  NH^-0-{00-H).  [389] 

When  the  vapor  of  ammonic  formate  is  passed  through  a  red- 
Lot  tube,  the  last  reaction  is  reversed.  In  like  manner,  when 
hydrocyanic  acid  is  mixed  with  hydrochloric  acid  {both  concen- 
trated), we  have 

B-aN-i^HCl-\-3:IT^O=H-0-{CO-H)-\-]^fffCl.  [300] 

421.  Cyanides. —  Hydrocyanic  acid  reddens  Htmus  feebly, 
and  potassic  cyanide  has  an  alkaline  reaction  (39).  It  however 
freely  dissolves  ffgO,  foiroing  JigOy^i  ""^  '"  "  similar  way  (or 
more  readily  by  metathesis  from  potassic  cyanide)  a  large  num- 
ber of  metalltg  cyanides  may  be  (Stained.  The  alkaline  cyan- 
ides are  very  soluble  in  water,  and  several  of  the  cyanides  of 
the  heavier  metals,  like  HgCy^  dissolve  to  a  limited  extent. 
Most  of  them,  however,  are  insoluble  in  pure  water,  but  with 
few  exceptions  th^  all  dissolve  freely  in  solutions  of  the  alka- 
line cyanides,  with  which  they  form  double  salts,  and  solutions 
of  Ag  Cy  and  Au  Cy  in  (KCy  -^-  Aq)  are  very  much  used  ia 


oy  Google 


§422.]  CARBON  AN'D  SITROUES.  iCid 

the  process  of  electroplating.  The  double  eyawiiies  are  a  still 
more  definile  and  numerous  class  of  salts  than  ibe  simple  cyan- 
ides.    Among  them  we  may  cite  aa  examples 

Aff Cy  .  KCy        aad         ZtiC>j^.2 KCy. 

All  these  cyanides  contain  cyanogen  as  such,  and,  with  few 
exceptions,  when  heated  with  dilute  hydrochloric  acid,  they 
yield  HCi/,  and,  if  soluble,  are  violent  poisons.  There  is,  how- 
ever, another  class  of  compounds  formed  hy  combining  with  the 
alkaline  cyanides  the  cyanides  of  iron,  cobalt,  chromium,  pla- 
tinum, and  a  few  of  the  rarer  metals,  which  do  not  evolve 
HCy  under  the  influence  of  hydrochloric  acid,  and  iiave  not  the 
same  deadly  character.  Moi-eover,  the  metals  wliich  they  con- 
tain cannot  be  displaced  by  the  usual  merathetical  methods. 
Hence  we  liave  come  to  the  conclusion  that  these  bodies  are  not 
simple  cyanides  of  the  metals,  but  contain  far  more  complex 
radicals,  of  which  the  melala  just  mentioned  form  a  part.  The 
most  important  of  these  compounds  are  described  in  the  next 

422.  Ferrocyanides.  Ett(^FeC^^)  or  ^,iC^.  —  Potassic 
ferrocyanide  (yellow  prussiate  of  potash),  K^Cfi),  is  an  impor- 
tant commercial  product,  manufactured  on  a  large  scale  by  fus- 
ing nilrogenized  animal  matter  with  potassic  carbonate  and  iron- 
filings,  lixiviating  the  resulting  mass  with  water,  and  crystalliz- 
ing. The  salt  forma,  large  yellow,  square,  tabular  crystals,  is 
very  mucli  used  in  dyeing,  and  is  the  primary  source  of  all  (he 
cyanogen  compounds.  It  may  also  be  made  from  KCy  or  HCy 
by  the  following  reactions :  — 

FeS-{-  5K-C2f=  K;^{FeC,N,)  +  K^S.        [391] 

1.  2FeiO^-\-ZFeO-\-l&H'CN  = 

[Jt„>i(/^fiC^„)3  -i-  ^H,0.  [302] 

2.  lFe^l^^^Cfy,-\-{l2K-Ho-{.Aq)  = 

2lFe^}im^  +  (3K,iC/ff  +  Aq).  [333] 

When  fused,  (he  ferrocyanide  is  partially  decomposed,  yield- 
ing potassic  cyanide,  which  is  made  in  great  quantities  in  this 

K^^{FeC^\)  =  iK-C2f+  FeC,  -^N-K        [3941 
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way.  By  previously  mixing  the  lerrocyaiiide  with  potassic 
carbonate  a  larger  product  is  obtained,  but  less  pure,  as  polassic 
eyanal*  is  formed  at  the  same  time. 

5K-CN-\-K-0-C^-irFe-\-C0,.  [SOo] 

From  the  solution  of  the  potassium  salt  various  feirocyanides 
are  easily  prepared  by  simple  metathesis,  and  several  of  tliera 
have  striking  and  characleristic  colors.  Thus,  when  the  solu- 
tion is  mixed  with  hydrochloric  acid  and  ether,  hydro-ferrocy- 
anic  acid  is  pi-ecipltated. 

JQCfy  +  iHCl=mC/s  +  AKCl.  [39G] 

With  a  ferric  salt  we  obtain  Prussian  blue  (ferric  ferrocy- 
anide). 

{^IFe.'llGk  +  ZK^^Cfy  +  Aq)  = 

[/V,>LC/y,  +  (12^CT  4-  Aq).  [397] 

Hence  the  origin  of  Ihe  name  cyanc^en  (uvumr  ytvma). 

"With  a  ferrous  salt  the  precipitate  is  white  or  nearly  so,  hut 
becomes  blue  in  contact  with  the  air. 
{Fe-Cl,  +  K,'Cfy  +  Aq)  ==  K^FetC/y  +  {^KCl  4-  Aq). 

With  cupric  sails  we  have  a  red  precipitate, 

{^(h'0.fSO^  +  Ki^Cfy  +  Aq)  == 

C>hiCfy  -H  {2Ki-0i-S0,  +  Aq).  [399] 

The  soluble  ferrocyanides,  as  a  rule,  crystallize  readily,  and 
the  crystals  usually  contain  several  molecules  of  water,  thus: — 

Na,Cf3  .  12//,0,         Na,K^iCfy  .  6ff,0,  B^^Cfu  .  611,0, 

K^BmCfy.    $H,0,  Zn^Cfy  .  SH,0,     (C^II,),^C/>/ .  GII,0. 

423.  Ferrieyanidei.  —  Bypassing  CT-CT  through  a  solution 
of  KtWfy  ft  compound  is  formed,  Kt\_Cfy.^,  containing  the 
hexad  radical  {Ofy-Cfy)%  which  sustains  the  same  relation  to 
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Cfy  f!iat  Tm  bears  to  [^sji-  On  evaporating  the  solution  we 
obtain  the  salt  in  deep-red  crystals,  which  ai'e  an  article  of 
commerce  under  the  name  of  red  pnissiate  of  potash. 

(A-J[C».]  +  iKCl+Aq).  [400] 

Other  fi^rricyanides  maj  be  obtained  from  the  potassium  salts 
by  melaihesis. 

With  a  solution  of  potassic  fcrri cyanide  ferrous  salts  give  a 
deep-blue  precipitate  called  TurnhHU'a  blue. 

(8K-«,+  A-,>[C»,]  +  ^,)  = 

-*■'*<»,]  +  (CifCT  +  A,-).  [401] 

Ferric  salts,  on  the  other  hand,  give  no  precipitate,  and  it 
will  be  noticed  that,  while  these  salta  give  a  blue  precipitate 
with  the  ferrocyanides,  the  ferrous  salts  give  a  blue  precipitate 
only  with  the  ferricyanides.  Hence,  a  simple  means  of  distin- 
guishing the  two  classes  of  salt. 

424.  Other  Gampounds  of  Cifanogen.  —  Chlorine  forms  with 
cyanogen  three  polymeric  compounds. 

Cy-Ol  (Sp.  Gr.  30.7),  {Cy„y-Ch  (Sp.  Gr.  61.5), 

{Cy^YCk  (Sp.  Gr.  92.1). 

In  like  manner  there  are  three  polymeric  oxygen  acida. 
H-O-Cy,  HfOiiO'i.^,  H^^Of{Gy^. 

Cjinic  Acfl.  IHcTMiLc  Aci4  Cyanuric  ickU 

Tiie  tendency  to  polymerisra  (70),  here  manifested,  is  a  re- 
markable feature  of  the  cyanogen  compounds,  and  gives  rise  to 
products  of  great  complexity,  moat  of  which,  however,  have  been 
but  little  studied.  Their  condensed  molecules  are  evidently 
held  together  by  complex  radicals  formed  by  the  coalescing  of 
several  atoms  of  cyanogen,  and  it  ia  evident  that  the  atomicity 
of  such  radicals  must  be  equal  to  the  number  of  elementary  atoms 
of  any  one  kind,  nitrogen  or  carbon,  of  which  they  consist.  Oft 
the  same  principle  the  constitution  of  the  ferro-  and  ferri-cyan- 
ides,  as  well  as  that  of  paracjanogen,  may  be  explained. 


.^ooglc 


472  CARBON  ASD  NITROGEN.  [§  425. 

425.  Cyanates.  —  Cyanic  acid,  referred  to  above,  forms  an 
important  class  of  salts  which  have  a  great  theoretical  interest 
on  account  of  the  remarkable  transformations  of  wliicb  many  of 
them  are  susceptible.  Potassic  cyanate  is  readily  pi'eparcd  by 
dropping  litharge  into  the  fused  cyanide,  or  ferro<:jaiiide,  so 
long  as  tha  oxide  is  reduced. 

KCij  +  PbO  ^  K-O-Cy  +  Pb.  |:402] 

In  order  to  crystallize  the  salt  the  fased  mass  should  be  ex- 
hausted with  alcohol  of  S0%,  since  on  evaporating  an  aqueous 
Bolution  the  salt  is  slowly  decomposed.  The  same  change  takes 
place  rapidly  when  the  salt  is  heated  with  potasaiu  hydrate, 

^-0-CW+  K-0-H+  H,0  =  K^-OiOO  +  NH^  [40S} 

When  polassic  cyanale  is  mixed  in  solution  with  a 
sulphate  a  metathesis  takea  place,  but  the  resulting  e 
cyanate  is  at  once  transforined  into  a  remarkable  compound- 
ammoDia  or  amine  (167)  called  urea, 

JVfffO'C2f=  H^HfNfGO,  [404] 

and  by  this  reaction  the  synthesis  of  tliis  complex  organic  pro- 
duct was  first  obtained. 

The  most  interesting  of  the  cyanates  are  the  compounds  called 
cyanic  ethers,  in  which  methyl,  ethyl,  &c.  are  the  basic  radicals. 
They  are  easily  obtained, 


and  the  investigation  of  the  many  wonderful  transformations  of 
whicli  tliey  are  susceptible  was  one  of  the  most  important  steps 
in  the  progress  of  organic  chemistry. 

As  cyanic  acid  when  healed  with  an  excess  of  potash  yields 
ammonia,  so  these  cyanic  ethers  yield  various  amines. 

H-O-CN^  'iK-O-H—  KfOfCO  +  HMH-N. 

[406] 

The  following  reactions  are  equally  instructive:  — 
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A«ucA^     H,O,H^C,H^0-^N -\-  CO^.  [408] 
2G,H,-0-CN-\-H^0=H^.{O.J{,)fNfO0-\-  CO^  [409] 


The  above  reactions  will  appear  more  simple  if  the  symbols 
of  the  cynnic  ethers  are  written  after  the  ammonia  type  thus, 
Ciffs.OO--N^,  and  Ihat  this  is  their  true  constitution  is  rendered 
probable  by  the  fact  that  a  body  has  recently  been  discovered 
called  cyaoetholine,  which  appears  to  be  a  true  cyanic  ether. 
It  is  made  by  the  reaction 

Wa'0-C,S^+  Gya=:NaGl-{.  C.fffO- O, ;  [410] 

and  when  acted  upon  by  polash  it  yields,  not  ethylamine,  but 
common  alcoliol.     (Prob.  3,  page  77.) 

426,  Salpho-cyanale$.  —  By  fusing  potassic  cyanide  with 
sulphur  we  obtain  (he  sulphur  salt  corresponding  to  potassic 
cyanate,  or  KS-  Gij.,  and  from  this,  as  from  the  cyanate,  a  large 
Dumber  of  compounds  may  be  derived.  Potassic  sulpho-cyan- 
ate,  although  without  action  on  the  ferrous  compounds,  strikes 
a  deep-red  color  in  a  solution  which  contains  the  least  trace  of 
a  ferric  salt,  and  for  this  reason  is  a  very  useful  reagent. 


CARBON  AND  HYDROGEN. 

427.  "Organic  Chemistry." — It  has  already  been  stated  that 
organized  beings  consist  of  materials  composed  chiefly  of  carbon, 
hydn^en,  oxygen,  and  nitrogen ;  but  few  as  ure  the  chemical 
elements  concerned  in  the  processes  of  organic  life,  nevertheless 
the  number  of  componnda  which  have  been  discovered  in  the 
tissues  of  animals  and  plants,  or  formed  by  their  chemical  met- 
amorphosis, is  exceedingly  great.  Such  compounds  are  called 
Organic  Compounds,  and  in  works  on  chemistry  they  are  usually 
studied  together  under  the  separate  head  of  Organic  Ckemiiljy, 

While  the  molecules  of  mineral  compounds  consist  for  the 
most  part  of  only  a  few  atoms,  those  of  organic  compotmds  fre- 
quently contain  ft  very  large  number,  and  the  diversity  in  or- 
ganic chemistry  is  obtained,  not  by  multiplying  the  number  of 
elements,  but  by  varying  the  molecular  grouping.     It  was  for- 
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merly  supjwsed  that  the  great  complexity  thus  produced  was 
sustained  by  what  was  called  the  vita]  principle ;  but  although 
the  cause  which  determines  the  growth  of  organized  b«ings  is 
Btill  a  perfect  mystery,  we  now  know  that  the  materials  of  which 
they  consist  are  subject  to  the  same  laws  as  mineral  matter,  and 
the  complexity  may  be  traced  to  a  peculiar  quality  of  carbon 
already  described.'  The  atoms  of  carbon  are  prone  to  combine 
among  themselves,  and  the  same  tendency  which  appears  in 
several  of  the  elements  lo  a  limited  extent  is  derelopud  in  the 
case  of  carbon  to  a  very  high  degree.  Carbon  is  tlie  skeleton 
of  an  oi^anic  compound  in  a  peculiar  sense.  Its  atoms,  looked 
together  like  so  many  vertebrie,  form  the  framework  to  which 
the  other  elements  are  fastened,  and  thus  a  complex  molecular 
structure  is  rendered  in  a  wonderful  measure  compact  and  stable. 

Organic  chemistry  is  simply  the  chemistry  of  the  compounds 
of  carbon,  and  has  no  distinctive  character  except  that  which 
the  peculiar  qualities  of  this  singular  element  give.  More- 
over, although  in  a  compendium  of  the  science  it  may  be  con- 
venient, or  even  necessary,  to  distinguish  between  mineral  and 
orgiinie  chemistry  on  account  of  the  great  preponderance  and 
importance  of  the  compounds  of  carbon  ;  yet  in  a  work  on  Chem- 
ical Philosophy,  where  the  object  is  not  lo  enumerate  facts, 
there  seems  to  be  no  good  reason  for  departing,  in  the  case  of 
this  single  element,  from  the  general  scheme,  or  treating  it 
more  fully  than  is  required  to  illustrate  the  new  and  important 
principles  which  it  presents  to  our  notice.  Indeed,  in  an  ele- 
mentary work  no  other  course  is  possible,  since  a  mere  list  of 
the  known  compounds  of  carbon  would  fill  a  large  volume. 

428.  Hydrocarhom.  — If  we  conceive  that  the  carbon  atoms 
of  the  successive  molecules  are  held  together  by  the  smallest 
possible  number  of  bonds,  then,  as  shown  in  (34),  the  symbols 
of  the  po.^sible  hydrocarbon  compounds  of  this  class  would  be 
expressed  by  the  general  symbol  C,H.^^^  and  each  number  of 
the  series  would  differ  from  the  preceding  by  C/4-  Again,  if 
■we  conceive  that  the  skeleton  of  carbon  atoms,  instead  of  pre- 
sentin^at  either  end  ani^pen  affinity  as  in  Fig.  a,  forms  a 
closed  chain  as  in  FJg,  6,  the  hydrocarbon  atom?  of  this  second 
class  would  be  expressed  by  O^H^.  and  form  another  series  with 
a  constant  difference  aa  before  of  GH^.     Lastly,  if  we  start  wiih 

1  Tha  student  ahould  very  OBrerullj  review  (31)  in  ttiis  eonneetion. 
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a  nucleus  of  carbon  atoms  grouped  together  as  in  Fig.  c,  form- 


'C-C-C'C-C-C- 


C  '  O 


ing  tlie  hydrocarbon  CJ^Z^  and  add  to  this  sueeepsive  incre- 
ments of  VH^  we  obiuin  still  a  thii'd  series  of  lij'di'ocarbona 
expressed  by  the  symbol  C^H-m-k. 

Each  of  the  above  symbols  represents  a  series  of  actual  com- 
pounds, of  which  many  meml>er3  are  known,  as  shown  in  the 
table  on  page  477.  Moreover,  the  hydrocarbons  of  any  one 
series  all  sustain  the  same  general  relations  to  chen]it;al  reagents, 
undergo  similar  changes  when  exposed  to  the  same  influences, 
and  present  a  regular  gradation  in  their  physical  properiies  cor- 
responding to  the  cliange  in  their  composition.  Compounds  so 
related  are  said  to  be  homologms,  and  such  a  series  is  called  an 
homologous  series. 

Obviously,  liowever,  the  three  series,  whose  relations  have 
been  just  described,  do  not  include  all  the  possible  hydrocarbons, 
for,  starting  with  any  one  of  the  more  eoraples  molecules  of  the 
first  class,  in  which  the  carbon  atom?  are  united  by  the  smallest 
possible  number  of  bonds,  we  may  assume  that  the  open  bonds 
are  successively  closed  two  by  two  by  the  more  intimate  union  of 
the  carbon  atoms  among  themselves,  and  we  i^hall  thns  obtain  a 
derived  aeries,  whose  successive  members  differ  by  the  quantity 
Hf  The  general  symbol  of  such  a  series  would  be  C„fl^y,_„)+a 
thft-first  term  being  C„/4<+a>  »*  standing  for  the  number  of 
the  required  term  counting  from  the  first.  Compounds  thus 
related  are  termed  isologites,  and  it  is  obvious  that  tho^e  hydro- 
carbons in  the  three  series  of  homologuea  exhibited  above, 
which  eonlain  the  same  number  of  carbon  atoms,  are  members 
of  the  same  series  of  isologues ;  but  it  is  also  obvious  that  be- 
sides these  three  an  indefinite  number  of  parallel  homologous 
series  are  theoretical !y  possible.  The  student  will  best  under- 
Etand  the  relations  of  this  scheme  by  tabulating  the  possible 
compounds,  arranging  the  homologues  in  parallel  columns  with 
the  isologues  on  the  same  horizontal  line.     He  will  thus  see 
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tbat  (here  is  no  limit  to  the  number  of  hydrocarbons,  except 
that  fixed  by  tlie  instability  of  the  resulting  molecules. 

A  table,  prepared  as  juat  directed,  would  not,  however,  ex- 
hibit all  the  [Kissibi lilies  in  this  scheme  of  the  hydi-ocarbons, 
since  we  may  conceive  of  the  atoms  of  each  of  the  more  com- 
plex compounds  as  arranged  in  different  ways,  and  thus  giving 
rise  10  one  or  more  isomeric  modifications.  For  example,  we 
may  construct  the  symbol  of  the  hydroi^arbon  Cj/^o  »■*  indicated 
by  either  of  the  rational  formula)  {G-  0-C-C)'Hja  or  C^(  CH^)s,IT, 
and  with  a  little  ingenuity  the  student  will  readily  discover  in" 
any  case  the  number  of  such  commutations  possible,  only  he 
must  carefully  distinguish  between  a  more  arbitrary  change  in 
the  relative  po^ilion  of  the  atoms  and  a  fundamental  difference 
of  arrangement.  The  last  alone  implies  a  difference  of  quali- 
ties in  tlie  substance  which  the  formulas  represent,  and  indicates 
the  possibility  of  isomeric  modifications.  Review  in  this  con- 
nection (70), 

It  must  not  be  supposed  that  all  the  hydrocarbons  which  our 
theory  prefigures  are  actually  possible,  that  is,  represent  com- 
pounds whieh  either  have  been  or  may  be  isolated  ;  for  as  yet 
the  theory  has  taken  into  account  but  one  condition,  namely,  the 
atom-fixing  power  of  carbon,  and  many  causes  may  intervene 
to  render  unstable  the  compounds  which  are,  from  this  one  point 
of  view,  theoretically  possible.  As  the  number  of  carbon  atoms 
increases,  a  condition  is  soon  reached,  when,  if  we  may  so  ex- 
press it,  the  molecule  cannot  sustain  its  own  weight,  and  in  all 
cases  the  atoms  must  be  so  grouped  as  to  preserve  certain  polar 
relations  between  its  several  parts.  As  yet,  however,  we  do 
not  understand  the  laws  whieh  determine  molecular  stability, 
and  cannot,  therefore,  foresee  the  result  in  a  given  case,  so  that 
we  are  unable  to  control  our  algebraic  method.  Sliil,  with  all 
this  uncertainty  the  theory  has  its  value,  and  not  only  pcrves 
for  the  time  to  classify  our  facts,  but  gives  us  one  of  tho.se 
glimpses  of  the  order  of  creation  which  are  the  greatest  privi- 
lege that  the  student  of  nature  enjoys. 

But  with  all  the  limitations  which  the  conditions  of  stability 
impa=e,  the  number  of  possible  hydrocarbons  must  be  very  large, 
and  the  compounds  actually  known  can  form  but  a  very  small 
portion  of  those  which  may  hereafter  be  isolated.  The  series  of 
homologues  given  on  page  477  include  the  greater  part  us  well 
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as  tbe  most  important  of  the  known  compounds  of  tUia  elasa. 
Of  other  series  a  few  members  here  and  there  have  been  recog- 
nized, but  in  regard  to  moit  of  tliese  our  knowledge  is  imperfect 
and  uncertain.  Many  hydrocarbons  are  found  in  a  iree  stale 
in  nature,  but  mixed  together  in  the  petroleums,  and  in  those 
combustible  gases  like  the  iire-danips  of  coal-mines  which  are 
evolved  from  the  earth  in  many  Jotalitiea.  Others  are  found 
among  the  products  of  the  dry  distillation  of  coal,  wood,  or  other 
organic  tissues,  aod  in  eitlier  case  the  indiriduid  compounds  are 
isolated  by  various  pixjcesses  of  fractional  distillation.  Others, 
again,  have  been  obtained  by  various  chemical  reactions,  and 
of  these  a  few  of  the  more  characteristic  are  given  below :  — 


Marsh  Gas  Series 

Acelykne  Sei-ie 

<^A-n 

B.  P. 

f'.ffa.-a 

Melhylic  njarii 

e           CH, 

Acetylti 

Ethjlic  IlyJtys 

C,H, 

AllyLaie 

Ptoiiylic  IlydrlJ 

c,ih 

Butjiic  Ilyaiiie 

c.jr„ 

O'.O' 

Taleiyleiw 

Amy  He  IlydrilB 

C,H„ 

30' .a 

Allyll 

Hniylfc  Ilylrido 

C,H,, 

ep.a 

Ueplylfc  lly  aM 

Octylic  IlydrtdB 

c,a'^, 

Nonylic  Hydride 

C,H^ 

13I)°.B 

Olefa 

nl  Gas  Serie 

Essential  OUs. 

P-^j. 

B.  P. 

CJf^-i 

KthylBM 

«-,«; 

oil  of  Tnrpenlino 

CiH, 

QH. 

+33^,0 

c,.ir,„ 

65'.0 

Hoiylooe 

ajf,. 

Heptjlene 

C,H^ 

Octyl™ 
Nonylime 

125°.0 

Phenyl  Series. 

('.o^ 

C,ffi,_g 

Gndeutyletu 

Pu^a 

Hodecatjlaoe 

fun,, 

n6°.a 

CHi 

Trili™trl™o 

c„rr„ 

236° 

Toluol 

C,H, 

CiA, 

Xylol 

C>H,, 

Cemt^ue  (panffl 

<^)   fnHa 

r,H„ 

Molene 

ciofl™ 

376' 

Cjmol 

C^H^ 

Several  of  the  terms  in  the  above  series  are  represented  by 
at  least  two  isomeric  compounds.  Thus  we  find  in  the  Penn- 
sylvania petroleums,  mixed  with  the  last  six  members  of  the 
marsli  gas  series,  five  other  hydrocarbons,  Cfff^  to  Caff^  iden- 
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tical  in  composition,  but  having  boiling-points  uniformly  eight 
degrees  higher.  Tiie  common  difference  between  theae  boiling- 
points  (wbich  have  been  determined  with  great  accuracy)  is 
very  nearly  SO",  and  it  is  probable  that  a  similar  constancy 
would  appear  in  all  series  of  truly  homologous  compounds,  and 
the  discrepancies  noticeable  in  several  members  of  the  series  as 
above  exhihited  are  probably  to  be  referred  to  the  fact  that 
bodies  are  hei-e  included  which  do  not  belong  to  the  same  type. 
429.  Marsh  Gas  Series.  G^H^^i,  —  Molecules  having  this 
composition  must  necessarily  be  closed  and  saturated.  Hence 
tlie  hydrocarbons  of  this  class  are  indifferent  bodies,  but  they 
readily  yield  substitution  compounds  containing  chlorine  and 
bromine.  Thus,  when  we  act  on  marsh  gas  {CH^)  with  chlo- 
rine, hydrochloric  acid  is  formed,  and  we  obtain  either  CH^Cl, 
GHCls,  GCl^,  or  G,  the  products  of  the  reaction  varying  with 
the  conditions  of  the  experiment  and  the  proportions  of  the  fac- 
tors. JIarsh  gas  may  be  obtained  perfectly  pure  from  zinc 
methide  (324),  which  is  decomposed  by  water,  as  shown  by  the 
following  reaction :  — 

Zn'(Cffs)^+2ff^O=Zn-0^=H,-]-2Cff,.      [411] 

By  a  similar  reaction  ethylic  and  amylic  hydrides  can  be  ob- 
tained from  zinc  ethide  and  zinc  amylide. 

The  first  member  of  the  series  has  long  been  known  as  a 
product  of  the  decomposition  of  vegetable  tissue  underwater, 
and  hence  the  trivial  name  Marsh  Gas.  It  is  the  cliief  constit- 
uent of  the  fire-damp  of  coal-mine!',  and  of  common  illuminating 
gaa  obtained  by  the  dry  distillation  of  coal.  It  is  most  conven- 
iently prepared  by  heating  potassic  acetate  with  a  large  excess 
of  potassic  hydrate  mixed  with  quicklime. 

K-0-C,ff^O  -\-  K-  0-H=z  KfO^-GO  +  OUT..  [412] 

It  can  also  be  obtained  by  either  of  the  following  reactions,  but 
they  have  only  a  theoretical  interest. 

CCh  +  4ff-F=  4-ffCT  -f  GH^.  [413] 

CHGJn  +  ZH-H=  SffCl  -f-  GITf.  [414] 

®3,  -{-  2m^  +  4Cii  =  4CaS  -f  (BiMi,.     [415] 
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The  first  l«'o  reactions  are  obiained  by  reducing  carbonic  chlo- 
ride or  chloroform  with  nascent  hydrogen,  the  last  by  passing 
.^5'  gas  mixed  with  OSj  vapor  over  ignited  copper. 

Marsh  gas  lias  no  sensible  qualities,  and  has  never  been  lique- 
fied.  Like  ibe  other  members  of  the  series  it  is  highly  combus- 
tible, and  bums  with  u  luminous  flame. 

Marsh  gas  and  ils  homologues  may  be  regarded  as  hydrides 
of  radicals  having  the  general  form  Ca-^+i,  and  we  are  al- 
ready acquainted  with  many  compounds  in  which  these  atomic 
groups  manifest  a  mai'ked  individuality.  Ethj'Hc  iodide  is  easily 
prepared,  and  by  acting  on  this  compound  with  zinc  we  obtain 
a  hydixjcaibon  which  may  he  regarded  as  the  corresponding 
radical  substance. 

2  C^,-/+  Zn  =  Znl^  +  CJIg  C^H^  [41 6] 

In  like  manner  similar  products  may  be  obtained  with  several 
of  the  homologous  compounds,  and  by  using  iodides  of  two  radi- 
cals simultaneously  the  so-called. double  or  mixed  radicals  may 
be  produced. 

CHi-I-\-C,H,-I-\-Zii  =  ZnIi+CHfGJi^     [417] 

These  hydrocarbons,  however,  are  all  isomeric,  if  not  identical, 
with  the  normal  lerms  of  the  marsh  gas  series. 

430.  Olefiant  Gas  Series.  C„ffa„  —  Mclecules  of  this  type 
are  not  necessarily  closed,  but  are  capable  of  fixing  two  addi- 
tional monad  atoms,  and  of  acting  as  dyad  radicals.  The  first 
member  of  the  series  was  discovered  liy  an  association  of  Dutch 
chemials  in  1705,  who,  noticing  its  characteristic  property  of 
combining  directly  with  chlorine,  called  it  Olefiant  (oil  making) 
Gas,  because  the  product  of  this  union  is  a  thick  flowing  liquid. 
This  product,  long  known  as  the  Oil  of  the  Dutch  chemists,  is 
ethylene  chloride,  C^BtClj.  Ethylene  bromide  and  ethylene 
iodide  may  he  formed  in  a  similar  way,  and  the  tendency  to 
form  compounds  of  this  type  distinguishes  this  class  of  hydro- 
carbons, which  are  called,  for  this  reason,  ofe/?nM.  Moreover, 
the  hydrogen  atoms  of  the  bivalent  radical  may  all  be  replaced 
by  chlorine  or  bromine,  and  the  resulting  compound  still  retain 
the  same  typical  eharaeler.  This  is  shown  by  the  following 
reactions :  — 

C^ff,  -(-  Bt-Br  =  (CjII^^Br^  [418] 
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{C,H^-Br^  +  K-0-H=  C^H^Br  +  KBr  +  H^O,  [119] 

CjffjB/-  +  Br-Br  =  (  V^BsBr)-Bri,  [420] 

{OJI^Bry-Br^  +  K'0'H=  C^H^Br^  +  ^^r  -|-  ZT.O,  [421] 

which  may  be  repeated  with  tfae  successive  producis,  until  at 
last  we  obtain  O^ffr^  aitd  {C^BrtYBr^  as  the  final  resulta. 

Olefiaiit  gas  'a  most  reailJly  oblained  by  heating  alcohol  with 
several  limes  its  volume  of  strong  suiphurin  acid.  The  reaction 
is  somewhat  compli raited,  but  the  result  13  a  dehydration  of  the 
alcohol,  and  the  same  effact  may  be  produced  with  zincic 
chloride  (323). 

Csff^O  —  H^O  =  C,ff,.  [422] 

Like  marsh  gas  this  aeriform  hydrocarbon  lias  no  sensible 
qualities  save  a  slight  odor,  due  probably  to  a  trace  of  ether. 
It  has,  however,  been  liquefied,  and  is  slightly  soluble  in  water. 
Containing  twice  as  much  cai-bon  in  the  same  volume,  it  burns 
with  a  more  lumin'^is  flame  than  the  iigliter  gas,  and  the  illumi- 
nating power  of  coal-gas  is  due  in  no  inconsiderablis  measure  to 
ita  presence.  Olefiant  gas  combines  directly,  not  only  with 
i^lorine,  bromiae,  &«.,  but  iilso  with  the  hydrogen  acids. 

C^H,  +  Ifl=  C^ffJ.  [423] 

Moreover,  it  unites  with  hj'pochlorous  acid,  forming  a  chlor- 
hydrine. 

Oi3^^-i-ff-0-Cl=  {C,ff,)-ffo,Cl.  [424] 

These  reactions  of  olefiant  gas  illustrate  in  general  the  chemi- 
cal relations  of  this  series  of  hydrocarbons ;  but  it  is  probable 
that  several  of  those  included  in  the  list  on  page  477,  although 
isomeric  witli  terms  of  tlie  series,  are  really  formed  after  a  dif- 
ferent type,  A  large  number  of  them  are  only  known  as  con- 
stituents of  petroleum  or  products  of  dry  distillation,  and  have 
not  been  prepared  by  any  intelligible  process. 

431.  Acetylene  Series.  C„^_j,  Acett/lem.  —  This  gas  is 
formed  by  the  direct  union  of  ita  elements,  when  the  current 
from  a  powerful  voltaic  battery  passes  between  carbon  poles  in 
an  atmosphere  of  hydrogen.  It  may  also  be  obtained  by  the 
action  of  water  on  potassic  carbide. 

K^C,  +  2ff,0  =  1K-0-H-{-  C^H^  [425] 
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It  is  not  unfrequently  a  product  of  (he  incomplpte  comliu^Iion 
of  bodies  conlainiDg  carboQ  and  hydrogen,  and  it  mij  alao  be 
prepared  in  other  wajs  Acetylene  •»cts  as  a  d^ad  or  tetrad 
radical,  combining  with  nascent  hydrogen  to  form  C^/^l  (ethy- 
lene), with  bromine  to  foim  dH^Br^  or  Oiff^Br^,  and  with  hy- 
drobromic  acid  to  form  C^ffsBe  or  C^ff^Br^.  It  is  not  yet  de- 
termined whether  these  bodies  are  identical  with  the  isomeric 
compounds  of  the  olefiant  gas  series.  When  the  gas  is  passed 
through  a  solution  of  cuprous  chloride  in  ammonia,  a  highly 
explosive  compound  is  formed  as  a  red  precipitate,  which  has 
the  composition  (Cjff[C«i])i"0,  and  acta  as  a  basic  anhydride. 
The  other  hydrocarbons  of  the  series  have  similar  chemical  re- 
lations, but  have  not  been  thoroughly  sludied. 

432.  Alli/L — When  allyiic  iodide  is  digested  with  sodiam 
and  distilled,  we  obtain  a  hydrocarbon  which  has  the  composi- 
tion Oeffid 

m-Ifa  +  2{C>H,)-I==2  'iWa~I+  CJI,-0,ffi-      [426] 

This  product,  moreover,  unites  directly  with  one  or  two  mole- 
cules either  of  Br-Bf  or  H-I,  and  in  general  its  chemical  rela- 
tions are  those  of  a  homologue  of  acetylene.  But,  as  the  above 
reaction  indicates,  it  may  also  be  regarded  as  the  radical  sub- 
stance (22)  corresponding  to  allyl,  and  this  view  is  sustained 
by  the  fact  that  there  is  an  isomeric  hydrocarbon  having  similar 
chemical  relations,  but  different  physical  qualities,  which  is 
more  probably  the  fifth  member  of  the  acetylene  series. 

433.  Estentiid  Oils.  C^H^_^^ — Oil  of  Turpentine  and  many 
other  essential  oils  hare  a  composition  represented  by  the  sym- 
bol Ci^Sie,  and  there  are  a  few  others  wliich,  although  also  iso- 
meric, must  be  represented  by  a  multiple  of  this  symbol;  but 
no  other  members  of  the  series  are  known.  Oil  of  turpentine 
combines  both  with  the  hydrogen  acids  and  with  water,  forming 
compounds  in  which  (Cm^s)  acts  either  as  a  dyad  or  a  tetrad 
radical,  and  others  in  which  the  double  molecule  acts  as  a  hexad. 
radical.     Thus  we  have 

icji^yu,a,  icji^iH,,a^  (c„hj^h,ci,    {c^H„)iH,,ci,. 

Exposed  to  the  air  oil  of  turpentine  absorbs  oxygen,  yielding  a 
resinous  product,  and  the  same  is  true  to  a  greater  or  less  de- 
gree of  the  other  essential  oils.     They  all  appear  to  have  simi- 
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lar  chemical  relations,  and  are  singularly  susceptible  of  allo- 
tropic  conditions;  but  on  what  the  difFerences  between  these 
isomeric  bodies  depend  we  are  as  yet  ignorant. 

434.  Plienyl  Series.  (?„ff^_„.  — The  hydrocarbons  of  this 
class  are  found  in  coal-tar  and  Rangoon  petroleum,  and  are  iso- 
lated by  fraclioiial  distillation.  Benzol,  or  benzine,  is  very 
much  used  in  the  arts,  but  the  commercial  product  is  more  or 
less  mixed  with  the  associated  hydrocarbons.  When  pure, 
benzol  becomes  solid  at  a  low  lemperature,  melting  only  af  5°. 5. 
Benzol  may  be  obtained  artificially  by  heating  benzoic  or 
phthalic  add  with  an  excess  of  lime. 

Qff,,0^  -{-  CaO=  CaCOg  -{-  C^IT^ 

C^ff,_0,Jr^CaO=^2CaCO^-\-  C,H,. 

Benzol,  when  Ireated  with  chlorine  or  bromine,  yields  a  num- 
ber of  substitution  products.  By  the  action  of  nitric  acid  we 
obtain  (31) 

Nitro-benzol  C%H^{NO^), 

Dinitro-benzol  C^H^^NO.^i^ 

and  when  acted  on  by  reducing  agents  (as  zinc  and  hydrochloric 
acid,  sulphuretted  hydrogen,  &c.),  nitro-bcnzoI  is  converted  into 
aniline  (167),  and  thus  becomes  the  source  of  the  aniline  dyes. 

OH.iN'O,)  +  ^H^S  =  Oflfl;(i\riQ  -f  2ff^0  +  S^  [428] 

The  other  hydrocarbons  of  this  series  may  he  regarded  as 
containing  the  same  group  of  carbon  atoms  as  benzol,  and  as 
derived  from  it  by  replacing  one  or  more  of  its  hydrogen  atoms 
with  the  radicals  methyl,  ethyl,  or  arayl.  It  is  evident  that  by 
replacing  several  atoms  of  hydrogen  with  methyl  we  should  ob- 
tain a  body  of  the  same  composition  aa  by  replacing  a  single 
atom  with  a  radical  richer  in  carbon,  and  we  have  abundant 
evidence  that  compounds  thus  obtained,  (hougli  isomeric,  are 
not  identical. 

The  radical  C^^  called  Phenyl,  appears  to  be  the  nucleus  of 
all  the  hydrocarbons  of  this  series.  By  acting  on  boiling  benzol 
with  bromine,  we  obtain  the  bromide  of  this  radical, 

C^H^  +  Bi-Br  =  C^H.jBr  -f-  H-Br,  [429] 
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and  when  tliia  product  is  treated  with  sodium  a  hydrocarbon  is 

formed  which  it  regarded  as  the  corresponding  radical  substance. 

2CsBfBr  +  Na-M  =  C^HfG^H^  -\-  2S'aBr.     [430] 

Benzol  ia  then  phenylic  hydride,  and  its  horaologues  are  hy- 
drides of  more  complex  radicals,  which  may  be  designated  as 
methyl-phenyl,  dimethyl-phenyl,  &c.  Besides  the  hydrocarbons 
included  in  the  five  series  just  described  we  Icnow  also  a  few 
others.  Of  tliese  the  best  studied  are  phenylene,  Celf,,  and 
ctnnamene,  CgH^  corresponding  to  tlie  symbol  C^B^_a  and 
uapthajine,  CmflJ,,  corresponding  to  C„ff^_^  Tiiey  all  com- 
bine with  chlorine  and  bromine,  and  have  in  general  the  chem- 
ical relations  of  artiad  radicals.  The  last  of  these  especially 
yields  with  these  elements,  besides  the  direct  compounds,  a  very 
large  number  of  substitution  products,  and  the  careful  investiga- 
tion of  these  bodies  by  Laurent  was  an  important  step  in  the 
progress  of  chemistry  (31). 

435.  ffr/drocarbon  Jladicals.  —  It  is  evident  from  the  prin- 
ciples developed  in  (22)  and  (28),  and  still  further  illustrated 
in  (34),  that,  by  eliminating  successive  atoms  of  hydrogen, 
each  of  the  possible  hydrocarbons  of  the  scheme  exliibited 
above  may  yield  a  series  of  compound  radicals,  and  that  the 
atomicity  of  such  radicals  is  equal  in  any  case  to  the  number 
of  hydrogen  atoms  thus  lost 

Such  of  these  radicals  as  contain  an  even  number  of  hydro- 
gen atoms  are  necessarily  artiads,  and  isomeric  wiih  either  ac- 
tual or  possible  hydrocarbons.  Moreover,  it  follows  from  (428) 
that  we  may  have  several  artiad  radicals  isomeric  with  each  of 
the  more  complex  compounds.  Thus  we  may  have  two  radicals 
(Cj/^)^  and  {G^Hi)-  isomeric  with  acetylene,  and  llie  same  is 
true  of  each  of  the  horaologues  of  this  hydrocarbon.  Indeed, 
parallel  to  each  series  of  hydrocarbons,  except  the  first,  we  may 
have  one  or  more  series  of  artiad  radicals  isomeric,  term  by 
term,  with  the  normal  compounds,  and  the  number  of  possible 
isomers  in  any  case  is  the  same  as  the  number  of  the  series  in 
the  order  of  isologues  (428).  It  is,  however,  an  open  question 
whether  such  hydrocarbons  as  ethylene  or  acetylene  are  essen- 
tially different  from  the  radicals  of  the  same  composition  (CO), 
and  we  do  not  distinguish  the  radicals  by  separate  names. 

The  hydrocarbon  radicals  which  contain  an  odd  number  of 
hydrogen  atoms  are  necessarily  perissads,  and  cannot,  without 
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reduplication,  exist  in  a  free  state  [416],  [417],  and  [426]. 
Nevertheless,  the  radiual^  homologous  with  methyl  and  phenyl 
play  such  an  impoftant  part  in  numberless  cheoiii:a!  reaetiong, 
and  preserve  their  inttgrity  through  so  many  elianges,  thai,  al- 
though only  known  in  combiaatioo,  their  individuality  is  as  well 
marked  as  that  of  the  elements  themselves.  Hence- it  is.wiiji 
reason  that  they  linve  received  distinctive  names.  With  most 
of  these  the  student  is  already  familiar,  but  to  those  previously 
noticed  we  may  here  add  Vinyl,  GJJ3;  Glyceryl,  O^Hf  (the 
trivalent  condition  of  allyl),  and  the  radical  of  cliloi'oi'orio,  (7//^, 
which  are  all  important  perissads. 

436.  Oxygenated  MadtcaU.  —  Unless  associated  with  some 
very  powerful  basic  radical,  like  the  alkaline  meials,  ihe  simple 
hydrocarbons  always  form  basic  or  positive  radicals  (40).  To 
every  such  radical,  however,  corresponds  an  add  or  negative 
radical  having  the  same  atomicity,  which  is  generated  by  re- 
placing a  portion  of  the  hydrogen  with  oxygen  (34).     Thus :  — 

Methyl  CHs  yields  Formyl  CHO  or  COH, 

Ethyl  Cj/r,  "      Acetyl  C^H^O  "  CO-GH^ 

Propyl  C^H,  "      Propionyl  CJI.,0  "  CO-CM, 

Butyl  C^H^  ■"      Butyryl  C\H,0  "  CO-C\H„ 

Amyl  CJIa  "      Valerjl  C.H^O  "  CO-C,H^ 

AUyl  QA^  "      Acryl  C,H,0     «      CO-CA 

Ethylene   C,f7, yields  Glycolyl  CO-C //^  and  Carbonyl  (CO), 
Propylene  Cjff,    "      Lactyl      CO-C,H,   "    Malonj'l    \cO).jC H^ 
Acetylene  C,ff,    "      Acetonyl  CO-C,ff,  "    Succinyl  \cO)\^CJI^. 

If  the  theory  of  (41 6)  is  correct,  it  js  evident  that  the  -virtue 
of  these  oxygenated  radicals  depends  entirely  on  the  number  of 
atoms  of  carbonyl  which  are  g^ierated  in  the  hydrocarbon 
radical,  and  we  find  that  <^ly  those  alwns  of  hydrogen  can  be 
replaced  which  are  so  iw^ted  to  the  molecule,  that  the  atoms  of 
carbonyl  thus  formed  may. have  an  open  bond,  and  by  the 
addition  of  Ho  be  converted  into  oxatyl.  Hence  the  number 
of  oxygen  atoms  which  can  thus  be  liotrodueed  into  the  radical 
can  never  exceed  its  atomicity,  and  the  basicity  of  the  acids, 
formed  by  the  union  of  the  resulting  .negative  radicals  with  No, 
is  equal  to  the  number  of  oxygen  atoms  which  any  such  nega- 
tive radical  contains. 
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ALCOHOLS  AND  THEIR  DERIVATIVES. 
487.  Definition.  ■ —  The  name  of  alcohol  is  applied  lo  a  class 
of  bodies  wliicli  resemble  common  vinic  alcohol  chiefly  iu  liiat 
under  like  conditions  they  are  susceptible  of  similar  reactions. 
They  are  pi'oduced  in  a  variety  of  processes,  especially  by  fer- 
mentation ;  but  tiie  reactions  cannot  usually  be  traced.  They 
may  be  regarded  as  hydrates  of  the  hydrocarbon  radicals  (40), 
or  as  formed  from  tlie  hydrocarbons  themselves  by  replacing 
one  or  more  atoms  of  hydrogen  with  hydroxyl,  and  Iheir  atom- 
icity (43)  depends  on  the  number  of  atoms  of  Ho  thus  intro- 
duced into  the  molecule;  Hence  we  have  monatomic,  diatomic, 
triatomic  alcohols,  &&,  and  these  are  still  further  subdivided 
according  to  the  class  of  hydrocarbons  from,  which  ihey  are  de- 
rived. Moreover,  each  alcohul  is  one  of  a  group  of  compounds 
which  may  be  derived  from  each  other  by  simple  reactions,  not 
affecting  tlie  arraagement  of  the  atoms  in  the  carbon  skeleton 
that  may  be  regarded  as  the  nucleus  of  the  group.  The  com- 
pounds thus  related  have  frequently  lillle  in  common,  and  in 
more  extended  works  would  be  classed  under  their  appropriate 
heads.  Our  only  object  is  to  exhibit  a  few  of  the  general  prin- 
ciples and  wonderful  relations  which  the  study  of  organic  chem- 
istry has  revealed,  and  tliis  will  best  be  gained  by  associating 
jsith  each  class  of  alcohols  those  of  their  derivatives  wliich  have 
the  same  atomicity. 

monatomic  compoukds. 

1.  Marsh  Gas  Series. 

438,  Aholmh.  —  This  very  important  class  of  compounds 
may  be  regarded  as  derived  from  the  normal  hydrocarbons  of 
the  marsh  gas  series  by  replacing  a  single  atom  of  hydrogen 
with  Ho,  and  consequently  they  are  hydrates  of  the  radicals  of 
the  methyl  series  (40).  Of  these  bodies  the  following  are 
known : — 


Methylic  Alcohol 

CH^-O-H 

66°.o 

Ethylic  Alcohol 

G^HcO-H 

78°.4 

Propylic  Alcohol 

C,H-0-H 

9G° 

Eutylio  Alcohol 

CA-O'H 

109° 
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Melling-point,       BaIIIiie-P°<iiB. 

Amylic  Alcohol  C,Ha-0-H        —20"  13^" 

Hesylic  Alcolioi  CtH^-O-h 

Heptylic  Alcohol  CjH^fO-H 

Octylic  Alcohol  C^Hu-O-H  178° 

Cetylic  Alcohol  C^H^'O-H  50° 

Cerolic  Alcohol  C^H^O-H  79° 

Melissic  Alcohol  C^aO'^  85° 

The  lower  members  of  the  series  are  liquids,  the  higher  solids, 
and  the  boiling-poinl  increases  about  19°  for  every  addition  of 
CH^  The  following  reactions  illustrate  the  production  of 
methylic  alcohol  from  marsh  gas;  — 

Off.  +  CT-C/  =  HCl  +  GHfCl,  [431] 

CM^-Cl  4-  Ag-O-C^H^O  =  AgOl  +  GHi-O-C^H^O,  [432] 

CHfO-C.,H^O  +  K-0-H=K-0-a^iO-\-  OH,jO-H;  [433] 

and  the  same  method  applied  to  the  homologues  of  marsh  gas 
yields  other  members  of  the  alcohol  series. 

We  may  also  start  with  olefiant  gas,  and  havin*;  combined 
this  withifCTwe  may  convert  the  C^H^Gl  thus  formed  into 
commoM  alcohol  by  ihe  same  series  of  reactions  as  before,  or  we 
may  reach  the  same  result  by  combining  oletiant  gas  with  sul- 
phuric acid  and  distilling  the  product  with  water. 

If/0.fSO,  +  O^IIi  =  RC^ff^O^^SO,.         [434] 

ff,C,H','OfSO,  +  H-0-H=  H^-OiSO^  +  C,H,'0-H.  [433] 

Propjlic  alcohol  may  be  obtained  from  Ca/Zi  by  similar  re- 
actions, but  these  processes  applied  to  the  other  members  of  the 
olefiant  series  either  give  no  results  or  yield  compound-*  which, 
although  resembling  the  true  alcohols,  and  isomeric  with  them, 
manifest  in  their  reactions  an  essential  difference  of  molecular 
structure.     These  bodies  have  been  called  pseudo-alcohols. 

By  means  of  the  following  reactions  we  may  ascend  from  one 
member  of  the  alcohol  series  to  the  next  higher:  — 

CJIcO-H-\-  Hi-OfSO^  =  H,C,HiOiSO^  -f  H,0.  [436] 
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K>CJIi'0.iSO^-i^  K-C]:^=  KfOiSO^  +  CJIiCX.  [437] 

C,lf,-CN-^  2H-H=  H,H,C%H,^N.  [438] 

2C,I{rO'ff+  ff,0  +  2Sr'S'.  [431)] 

Comiuoii  alcohol  is  always  obtained  in  the  arts  by  the  fer- 
mentation of  grape  sugar  (480),  and  other  ooinpounds  of  the 
series  are  not  unfrequently  formed  in  small  amounts  during  the 
same  process. 

Tlie  typical  hydrogen  of  the  alcohols  may  be  replaced  by 
Eodium  or  potassium. 

^H-0-a,H,--\-K-K=  2K-0-C,H,  +  ff-K     [440] 

An  alcohol  in  which  the  oxygen  has  been  repbced  by  sul- 
phur may  be  obtained  by  the  following  reaction:  — 

K,CiH^-O^^SO,-\-K-S-H=KfOi'SO^^C^H,-S-H.  [441] 

This  sulphur  alcohol  is  called  mercaptan,  and  a  corresponding 
selenium  alcoliol  is  also  known. 

By  the  action  of  oxidizing  agents  the  alcohols  are  converted 
first  into  aldehydes  and  then  into  acids, 

C^H,-Ha  4-  0  =  CJI,.0'H-\-  Rfi, 

Alcohol.  AW..,.=. 

but  only  in  a  few  cases  can  the  process  be  arrested  at  the  first 

439.  Fat  Acids.  —  The  acids  formed  by  the  oxidation  of  the 
monatomic  alcohols  belong  to  a  remarkable  series  of  organic 
compounds,  of  which  more  members  are  now  known  than  of 
any  other.  These  acids  may  be  regarded  as  hydrates  of  the 
oxygenated  radicals  of  the  methyl  series  (40),  (43G),  or  as 
formed  from  the  hydrocarbons  homologous  with  marsh  gas  by 
replacing  one  atom  of  hydrogen  with  oxatyl  (416).  The  fol- 
lowing are  known :  — 
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Formic  Acid 

H-O-CUO      0 

r  Ho-iCO-Uy 

+1° 

Acetic  Acid 

H-0-C^Hfi     ' 

'    Ho-(CO-CH,} 

+17' 

Propionic  Acid 

H-O^CJ{fi     " 

■   Ho-iCO-C\H^) 

Butyric  Acid 

H-0-C,fi,0     " 

■   HHCO~C.lI,) 

—20" 

Valeric  Aoid 

H-0-C^H,0    " 

'    Ho-(CO-CJl^ 

Caproic  Atid 

H-0-C^H^fi    " 

■■   Ho-{CO-C\H„) 

+5" 

(Ecantbj-licAcid  II-0-C,H„0    ' 

'    Ho-(CaC,H„) 

Caprylic  Acid 

H-0-C,HJ}    " 

Ho-iCO-C,H,,) 

14*= 

Pelargonic  Acid 

H-0-C,H„0    " 

■   IIo-(CO-C^W„-) 

18" 

Capric  Acid 

H-O-CJIJ)  ' 

'    Ho-iCO-C,fI„) 

27" 

Laaric  Acid 

H-0-CJI^O  ' 

'    Ho-{CO-C„H^ 

44' 

Myristic  Acid 

II-0'C,^H„0  ' 

'    Ho-iCO-C^H„) 

54° 

Palmitic  Acid 

B-0-C„fl„0  " 

■   H<,-(CO-C„HJ 

62" 

Mai^ric  Acid 

n-0-C\,H^O  ' 

'  Jio-ico-cjr^) 

CO" 

Stearic  Acid 

II-O-C^HJ)  ' 

•  Ho-{ca-c„iij 

69" 

Arachidic  Acid 

II-0-C^H^O  " 

'   lIo-(CO-C,,ff^) 

75' 

Behenic  Acid 

H-0-C„H„0  " 

■■    Ho-(CO-C^lI„) 

76" 

Cerotic  Acid 

H-0-C„H^O  " 

Ho-iCO-C^H^) 

78' 

Melissio  Acid 

H-0-C^Ht„0  '■ 

'   IIo-iCO-C^MJ 

88' 

Formic  acid  is  found  in  nettles,  and  is  secreted  by  ants.  Va- 
leric acid  is  found  in  the  valerian  root,  pelargonic  acid  in  tlie 
essential  oil  of  the  Pelargonium  roseum,  and  ceroiic  acid  in 
beeswax.  Chinese  wax  is  cerylic  cerotale,  spermaceti  cetylic 
palmitate,  and  the  natural  fats  are  miztuces  of  salts  of  various 
acids  of  the  group,  in  which  glyceryl,  CaflJ,  is  ihe  basic  radical. 
Several  of  these  acids  may  be  procured  by  the  oxidation  of  al- 
buminous compounds.  Propionic  and  butyric  acids  are  pro- 
duced in  some  kinds  of  fermentation,  and  acetic  acid  is  made  in 
the  arts  in  large  quantities  from  the  products  of  the  dry  distil- 
lation of  wood  and  other  similar  substances. 

The  formation  of  the  fat  acids  by  the  oxidation  of  the  corre- 
sponding alcohol  is  illustrated  by  (lie  reactions  alrcndy  given 
[4423.  They  may  also  be  formed  from  the  cyanides  of  the 
alcohol  radicals,  and  the  method  is  iuteresting  as  iadicaling 
their  molecular  constitution. 


will  not  fail  to  notice  tiiat  all  dashes  need  in  connect 
■adioaia  must  refer  exolnsii'ely  to  the  carbon  atoms,  f 
being  united  to  tlie  cucboa  skeleton  by  their  onlf  b< 
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H-CN-\-  BCi+  2H,0  =  iVff.CT  +  {H-GO)-Bo. 

[443] 
C,H^-ON-\-HCl-{'2H^0  =  NHi-Cl-\-{C.,H,-C0)-Ho. 

So  also 
C^ff^-CN-\-K-Ho  +  H^O  =  {C^ff^-COyKo -\- NH^  [444] 

On  the  other  hand,  when  the  araraonic  salts  of  these  aeida  are 
heated  with  P^O^  tliey  are  converted  back  into  the  cyanides  of 
the  radicals  of  the  methyl  series, 

{CHiOO)-{Nff,)o  +  2P.fi^=OHi-CN'\-i.H-0-PO^  [445] 

and  from  the  cyanide  thus  obtained  the  pon-esponding  alcohol 
may  be  produced  by  [438],  and  in  this  way  [442]  is  reversed. 
The  acid  may  also  be  converted  into  the  alcohol  by  another 
remarkable  series  of  reactions,  of  which  the  following  series  is 
an  example :  — 

{GH^-COyKo -\-   (H-CO)-Ko  = 

'*""  """(C/f.-COyJI  +  Ko^'CO.    [446] 

{Cff^-COyir-i-  H-H  =:z  C^H.-O-H.  [447] 

The  potassic  salt  of  the  acid  is  first  distilled  with  potassic  for- 
mate, and  the  aldehyde  thus  obtained  transformed  into  alcohol 
by  nascent  hydrogen.  Starting  now  ifrith  ethyiic  alcohol,  we 
can  convert  it  into  ethyiic  cyanide  by  [436]  and  [487],  and 
then  by  [433]  or  [444]  we  can  produce  propionic  acid.  Thus 
we  are  able  to  pass  from  one  fat  acid  to  the  next  as  from  one 
alcohol  to  (he  next,  and  since  formic  acid  can  be  made  directly 
from  its  elements  [374]  the  synthesis  of  this  whole  class  of  or- 
ganic compounds  is,  theoretically  at  least,  possible. 

All  these  reactions  seem  lo  indicate  that  the  fat  acids  contain 
the  radicals  of  the  methyl  series  united  to  oxalyl,  and  this  view 
is  rendered  more  probable  by  the  fact  that  sodic  acetatfe  may  ba 
formed  by  the  direct  combination  of  CO2  with  sodic  nlethide. 

( CH^yNa  +  CO2  =  (  CH^-  CO)  -Mto.  [448] 

Again,  it  appears  that,  when  the  acids  of  this  series  are  acted 
upon  by  niiscettt  oxygen  in  the  process  of  e!ecti\)lysl8,  CO^  Is 
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formed,  and  the  radical  assumed  to  have  been  previously  united 
to  the  oxatyl  is  thus  set  free. 

2{CH^-CO)-Ho  +  0  =  OH^-CH^  ^  IT.,0-{-^GO^.  [4i9] 

If  tliis  theory  of  the  constitution  of  the  fat  aelda  is  correct,  it 
is  obvious  that  if  we  could  replace  the  radical  hydi-o^en  of  for- 
mic acid  with  the  radicals  meihyl,  ethyl,  &&,  we  should  obtain 
the  successive  merobera  of  the  series.  The  direct  substitution 
has  not  heen  accomplished,  but  with  acetic  etiier  an  analogoui 
series  of  reactions  has  been  obtained. 

2C^H,-0-{C0-CH^)'\-Fa-Naz^ 

2C^H,-0-{C0-C'H^Na)-^II-H.  [450] 

CA-0-{CO-CR,Na)  +  CHJ— 

C\H^--0'{CO-C\H,)  -\-  NaT.  [451] 

C^HfO-^CO-GH^Na)  +  C.,HJ= 

C\ff,-0-(00-C^ff,)  -^-MT.  [452] 

440.  Formic  Acid,  on  account  of  ita  peculiar  constitution  as 
the  first  member  of  the  series,  presents  some  special  reactions 
which  are  bighiy  instructive.  Thus,  when  heated  with  strong 
sulphuric  acid, 

(Il-CO)-m  =  H,0  +  CO.  [453] 

So  also  when  acied  on  by  chlorine  gas, 

(ff-CO)-ffo  -\-  Cl-Cl  =  2HCI  +  CO^        [454] 
It  even  acis  as  a  reducing  agent, 

{H- CO) -Ho  -\-  HgO  ==i  Hg  -{-  R^O  -\-  GO^     [455] 

441.  Acetic  Acid,  the  acidifying  principle  of  vinegar,  is  the 
best  known  of  all  ihe  lower  members  of  this  series  of  com- 
pounds, and  the  student  has  already  become  familiar  with  it  in 
many  reactions.  The  remarkable  substitution  products  which 
it  yields  wilh  chlorine  have  already  been  described  (31),  and 
the  manner  in  which  it  breaks  up  when  acted  on  by  PCi^  has 
also  been  illustrated  (20).  By  this  last  reaction  a  chloride  of 
the  assumed  oiygenated  radical  (acetyl)  is  obtained. 
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442.  Isomers  of  the  Fat  Adds.  —  It  is  obvious  that  with  the 
higher  membei-a  of  the  acetic  acid  series  one  or  more  isomeric 
modifications  are  possible,  depending  upon  the  difFereut  ways 
in  wliich  the  atoms  of  the  hydrocarbon  radical  may  be  grouped 
(428).  Such  differences  of  structure  have  been  actually  real- 
ized by  means  of  reaclions  similar  to  [450  et  sej.],  using,  how- 
ever, as  the  starling- point,  the  prodiicis  obtained  by  replacin" 
two  or  all  three  of  the  hydrogen  atoms  of  the  acid  radical  in 

C^H^-0-{CO-CHM.,)  +  2CHJ= 

2iya/+  C,ff,-0-(CO'Cff-'(C'ir,),).  [456] 

c^SfO-ico-CMs)  +  scirj= 

By  acting  on  these  elhylic  salts  with  K-Ho,  the  corresponding 
potassic  salts  are  readily  obtained,  from  which  the  acids  them- 
selves may  be  easily  set  free. 

Now  the  first  of  these  products  is  isomeric,  but  not  identical, 
with  butyric  acid  (boiling  at  152°  instead  of  161°),  and  the 
second  sustains  a  similar  relation  to  valeric  acid.  By  exhibit- 
ing the  symbols  graphically,  the  difference  of  structure  w-ill  be 
made  evident,  and  it  will  appear  that,  although  reactions  like 
[451]  yield  the  normal  acids  of  the  series,  reactions  similar  to 
the  last  must  necessarily  give  the  so-called  iso-acids.  It  can 
also  be  (Jiscovered  how  many  isomers  are  possible  in  any  ease. 

443.  Ethers.  —  These  compounds  are  the  anhydrous  oxides 
of  the  alcohol  radicals  (40),  and  our  common  ether,  {C.iHi)^0, 
may  be  taken  as  the  type  of  the  class.  It  is  prepared  by  the 
action  of  sulphuric  acid  on  alcohol,  and  the  process  may  be  di- 
vided into  two  stages :  — 

C^fffO-ff+HfOfSO,  =  JI,O^B,=0,'SO,  +  m,®. 

[458] 
B,C,H-^-OfSO^-\-  C,fffO-If=zfffOfSO,-i-  (^g^sii).^©. 

The  alcohol  and  sulphuric  acid,  mixed  in  equivalent  proportions, 
are  heated  in  a  retort,  when  the  water  and  ether  di.-ilil  over  to- 
gether, and  if  the  loss  is  supplied  by  fresh  alcohol  (flowing  slowly 
into  the  retort  through  a  tube  adapted  to  the  tubulature)  the 
same  quantity  of  sulphuric  acid  will  convert  an  unlimited  quan- 
tity of  alcohol  into  ether. 
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Ether  may  be  i-econ verted  into  alcohol  by  reversing  the 
above  reaction,  thus :  — 

( Qff«)/  0  +  '2H^^  OfSOi  =  2ff,  CJf,'  0/^Oa  +  SI,®. 

[459] 
If,  CA'  OiSOt  +  H-0-H=  2fyO,^SO,  +  0,111,-^31. 

By  using  in  the  second  stage  of  "  etherijicalion  "  an  alcohol 
containing  a  different  radical,  miscd  ethers  as  they  are  termed 
may  in  some  cases  be  obtained. 

lfyO,^SOi-\-  C^H^C,ff,rO.  [460] 

Other  bodies  of  this  class  have  been  formed,  thus  :  — 

ICHfO-H-X-  Na-Na  ~2CH,-0-Na  +  H-H. 

[4S1] 
CHfO-Na  +  Cjrj=  NaI-\-  CJTfO-C^^ 

444.  Compound  Sthers.  —  We  include  under  this  head  the 
numberless  salts  oF  the  hydrocarbon  radicals  usually  distin- 
guished as  different  kinds  of  etlier.  These  bodies  are,  for  the 
m6at  part,  volatile,  and  have  an  agreealile  odor  which  resembles 
that  of  fresh  fruit,  and  several  of  them  are  used  by  the  confec- 
tioners as  essences.  They  are  produced  by  reactions  sitniiar 
to  those  employed  in  tlie  prepai-ation  of  metallic  salts. 

C,fl;-CT  +  Ag-O-ajI^O  =  AgCl  +  C^ffi-0-C^H,0.  [462] 
e,C,ffn^O^^SO,  +  K'0-Cfi^O  = 


C^/ffO-JI-^-  jfi-O-C^HgO  =  G^Hi-O-ajI^O  -I-  IIO.   [465] 

III  reactions  like  the  last,  ivhen  a  weak  acid  is  nnable  by  it- 
self to  produce  the  decomposition  of  the  alcohol,  the  presence 
of  a  strong  miherdl  aeid  will  sometimes  determine  the  forma- 
tion of  the  ether.  The  reaction  is  then  best  expressed  as  if  iu 
two  stages. 
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ifA^^OfSO^  +  ff-O-qff.O  =  [466] 

^'°"/?i,^0s^5'0a+  C,HfO-C-,H,0. 

C,H,-0-H+  HfJl  =  C,Hi-Ol  +  H^O. 

[467] 
C^H^-Ct  +  II-O^CSO  =  HCl  4-  CJl^-0-CHO. 

When  acted  on"  by  strong  alkaline  bases  the  compound  ethers 
yield  a  inetuUic  9sXl  and  an  alcohol. 

GiH^-0-G^H^O-{~K'0-H^K-0-C^H^O-\-C,HfO'K  [468] 

Since  the  ethers  are  quite  insoluble  in  water,  such  reactions  are 
best  obtained  in  alcoholic  solutions,  and  this  kind  of  decomposi- 
tion is  frequently  called  gaponificaiion.  At  a  high  temperature 
the  ethers  may  be  mponijied  by  water  alone. 

445.  Anhydrides.  —  The  simple  and  mixed  ethers  are  anhy- 
di-ides,  but  the  name  is  usually  confined  to  the  oxides  of  the 
acid  radicals.     Acetic  anhydride  may  be  obtaiued  by  the  fo!- 


A  0  CM,OJi-C^IT,0-C'l=:KCl-\-iC,irsO)fO,    [469] 

and  propionic  butyric,  and  valerianic  anhydrides  may  all  be 
prepared  m  a  SLmiiar  way.  Formic  anhydi'ide.i  however,  has 
not  as  yet  been  formed.  In  contact  witli  water  these  anhy- 
drides dissolve  only  slowly,  in  measure,  as  they  are  converted 
into  the  correspandmg  acids. 

446.  Haloid  Ethers. — The  term  haloid  means  ■  resembling 
.common  salt,. and  is  applied  to  those  compounds  which,  lilte 
salt,  are  formed  after  the  simple  type  of  ffGl,  and  includes  the 
cyanides,  chlorides,  bromides,  &c,,  of  the  hydrocarbon  radicals. 
These  ether-like  bodies  are  formed  in  a  great  variety  of  re- 
actions. 

CJIfO-ff-^  HCl  =  C^iCl  -f  H^O.         [470] 

ZC,H,,-0-n+  PCk  =  HfO.^POH -\-  5C,Hn-(n.  [471] 

50^H^-0-H-\-T^-\^P=HiOiPO-\-bC^H,'Ir\'_HiO.  [472] 

CZr.+  Cl-Cl^CE^-Cl-^H-Cl.  [473] 


oy  Google 


494  ALCOHOLS  ASD  THEIR  DERIVATIVES.  [§447. 

When  acted  on  by  an  alcoholic  solution  of  potash,  all  the 
haloid  ethers,  except  the  cyanides,  are  converted  into  alcohols. 

C,Hy^-Cl  +  K-0'Ht=:  KCl  -\-  Cffn-O'JI.      [474] 
The  reaction  of  ihe  cyanides  has  already  been  given  [444]. 

The  haloid  ethers  are  allied  to  the  hydrogen  acids,  and  like 
these  combine  with  anrnioaia,  and  by  the  action  of  potash  on 
the  salta  thus  formed  various  amioes  may  be  obtained. 

[475] 
Ethylic  iodide,  heated  in  a  sealed  tube  with  water,  is  con- 


2Cifl;-/+  RrO  =  {CJI^i-0  +  2HI.  [47e] 

Methylic  chloride,  when  acted  on  by  chlorine,  yields  the  (bl- 

lowing  substitution  products,  and  it  will  be  noticed  that  the 

boiling-point  increases  in  proportion  as  the  atoms  of  hydrogen 

are  replaced. 

B.  p.  B.  p.  B.  p,  B  p. 

CHiCl    —21°,     CffjCTj    31°,     CHCk    G0°.8,     CCT,    78°. 

The  compound  CHCl^  is  called  chloroform,  and  is  an  anses- 
thelic  agent  made  in  large  quantities  by  heating  alcohol  or  wood 
spirit  (methylic  alcohol)  with  a  solution  of  chloride  of  lime 
(282).  When  boiled  with  an  alcoholic  solution  of  potash,  chlo- 
roform is  converted  into  potassic  formiate,  and  chlorine  gas, 
under  the  influence  of  sunlight,  changes  it  into  carbonic  chloride, 
(7ifCr4_|_4£--0-//=3XCT+fi"-0-(CO-/f)  +  2//aO.  [477] 

Bromoform,  CHBt^,  and  Iodoform,  CHI^  are  also  known. 

447.  Aldehydes.  —  These  bodies,  already  mentioned  as  the 
products  of  the  imperfect  oxidation  of  the  alcohols  [442],  may 
also  be  obtained  by  distilling  a  mixture  of  potassic  formate  with 
the  potassic  salt  of  the  acid  corresponding  to  the  aldehyde  re- 
quired. 
K-0\CO-H)  +  K-0'{CO-Cff,)  = 

KfO^<'0  -\-  H-{GO-CH^.  [478] 
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The  aldehydes  are  distinguished  by  a  strong  aifitiity  for  oxy- 
gen. They  not  only  absorb  oxygen  gas  from  the  air,  but  they 
reduce  argentic  oxide,  and  when  heated  witli  alkaline  hydrates 
they  evolve  hydrogen,  passing  in  each  case  into  the  correspond- 
ing acid. 

H-{CO-CI-I,)  +  0  =  H-0-{GO;CH^).        [479] 

H-{00-CH,)  +  A3iO  =  B-0-{CO-CJI,)  +  Aff-Ag.  [480] 

ir-(00'CH,)  +  K'O  H=  K-0-(CO-CIf,)  +  S-ff.  [481] 

By  nascent  hydrogen  (water  and  sodium  amalgam)  the  alde- 
hydes are  converted  back  into  alcohoL 

H-{CO-CH,)  +  H-H=  CA-O-H.  [482] 

MoBt  of  them  yield  cryslalline  compounds  with  ammonia. 

H-{QO'GH,)  -)-  iPM  ~  NHi^{GO-CK).       [483] 

So  also  by  dissolving  potassium  in  aldehyde  we  obtain  the 
reaction 

2ff-(C0-0B,)  -\- K-K=  2K-{00'CHi)  +  H-H.  [484] 

Tlie  aldehydes  are  named  after  the  corresponding  acids. 
Formic  aldehyde  H-(^  00-H)  cannot  exist ;  but  the  seven  suc- 
ceeding terms  of  the  same  series  have  been  obtained.  Of 
acetic  aldehydes  there  are  three  isomeric  modiScatione.  The 
normal  compound  is  a  very  volatile  liquid,  boiling  at  21°  and 
having  a  strong  suffocating  odor. 

448,  Ketones.  —  This  name  is  applied  to  a  class  of  com- 
pounds outwardly  resembling  the  alcohols  and  having  a  pleas- 
ant ethereal  odor.  They  are  isomeric  with  the  aldehydes,  but 
dilfer  from  them  widely  in  their  chemical  relations,  for  they  are 
comparatively  inactive  bodies,  and  show  no  tendency  to  unite 
with  oxygen.  They  are  most  readily  obtained  by  distilling  the 
potassic  or  calcic  salts  of  the  monatomic  acids. 

Ca-Of{aO-GH^)^^  Ca-O^-CO -{-  {Cff^ifCO.  [485] 
Ca--OHCO-G^H.:)j  =  Ca-Oi^CO  +  {CW^)fOO.   [486] 
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It  will  be  noticed  that  the  two  ketones  thus  obtained  differ 
hy  2  CZfj,  althougli  the  initial'  acids  ouly  differ  by  Cff^ ;  but  by  dis- 
tilling an  intimate  niiiiture  of  the  two  salts  we  can  obtain  the 
ioterraediate  term  of  the  aeries,  qamelj,C^,  CInE^'CO. 

Ketones  can  also  be  obtaiaed  by  stating  on  acetyl  chloride  or 
its  homologues  with  zinc  inethide  or  ethide. 

2{CII^-C0)-Cl-\-  Za-{OB^).,  =  Z>iCl^-i-2liCII^).fC0.  [487] 
Moreover,  they  have  been  formed  by  tlie  action  of  carbonic 
oside  on  sodic  elliiJe  and  the  homologous  compounds. 

2Na'0^ff,:^  CO  =:  Na-Jfa  -\-  (C^ff^i^CO.      [488] 

449.  Pseudo-Alcohols.  —  By  the  action  of  nascent  hydi'ogea 
tlie  ketones  are  converted  into  compounds  isomeric,  but  not 
identical  with,  the  alcohols. 

(C-fl:.)rCt»+  ^-ir=:  {CH^)fCH-Ho.         [489] 

The  bodies  of  this  class  are  also  called  secondary  alcohols, 
and  are  distinguished  by  the  prefix  iso.  Their  relations  to  the 
normal  alcohols  are  illustrated  by  the  following  symbols :  — 

(  CHi-  CH,)-ffo,  ( CJf~-CO)  H,  <  CHf  00)  -Ho, 

LUiylisAlcoliDl.  Alicliyde.  Accllr  Add. 

( a^ff,-  OH.ym,  (  g^h,-  go)  -h,         {  g^  it,-  ooyno, 

VwpyWc  AlcabuL.  Aldehyde.  FrupiDciic  acihL 

(  Cff,},= CH-ffo,  (  Cmr  GO. 

As  common  alcohol  passes  by  oxidation  first  into  aldehyde 
and  then  into  acetic  acid  so  normal  propylic  alcohol,  when 
oxidized,  yields  similar  products.  But  under  the  same  con- 
ditions the  isopropylic  alcohol  gives  acetone,  which,  although 
isomeric  with  propionic  aldehyde,  cannot  be  converted  by  fur- 
ther oxidation  into  propionic  acid,  and  it  is  evident  that  such  a 
change  would  not  be  possible  without  a  complete  remodelling 
of  the  molecule.  The  difference  between  these  isomeric  alco- 
hols, indicated  by  their  reactions,  is  still  further  manifested  in 
their  boiling-points,  since  while  the  normal  alcohol  boils  at  96°, 
the  pseudo-alcohol  boils  at  87".  Besides  the  isopropylic  two 
other  pseudo-alcohols  have  been  obtained  which  probably  be- 
long to  the  same  class. 
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Isoaraylic  Alcohol  {CHs,CiHfCH)-Ho, 

Isoliexylic  Alcohol  {CH^,CiH^'CHyHo. 

Lastly  a  pseudO"a1eobol  has  been  discovered,  isomeric  with 
butylic  alcohol,  whinh  appears  lo  be  constituteil  afler  slill  a 
tliii  d  type,  and  to  be  the  first  of  a  daSB  of  tertiary  alcohols, 

Pseudo-butylic  Alcohol  (  C/Tj)^  G-ffo. 

If  we  repi-esent  by  K  any  univalent  hydrocarbon-radical,  the 
general  symbols  of  the  three  classea  of  alcohols  we  hare  dis- 
tinguished would  be  as  follows  :  — 


2.   ViKYL  Series. 

450.  Vinyllc  Alcohol.  —  Acetylene  like  ethylene  dissolves  in 
sulphuric  acid,  and  when  the  product  is  distilled  with  water  we 
obtain  the  hydrate  of  the  radical  vinyl  or  vinylic  alcohol, 

IlfOi^SO^  +  Cjr^  =:  H,C^H,'OfSO,. 

[4901 
H,  CJI^'  Or  SO,  ■\-H-0  -H=  Hi  0./S0^  +  C,ff,-0'K 

Tliis  alcohol  is  isomeric  both  with  acetic  aldehyde  and  the 
oxide  of  ethylene. 

vinyllc  AIcDhol. 

No  acid  has  been  obtained  from  it  by  the  action  of  osidiising 

451.  AJJylk  Alcohol  —  The  second  term  of  the  vinyl  series 
may  be  formed  from  glycerine  by  tbe  following  reactions. 

tC^HfO^H^  +  [PJi/i  = 

cii,«ri.=.  2C,fi^-7-+2-^=OfPO-ff+ J-Z  [491] 


{H,]^)fC^0j-\-2C,n,-0-H.  [493] 
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When  dehydrated  by  phosphoric  anhydride  (184)  this  alcohol 
gives  allylene  the  second  member  of  the  acetylene  series. 

{CiH,yO'H—  B^0=  C,ff,.  [494] 

Oil  of  garlic  is  the  sulphide  of  allyl  ( Ca^jjr-S  and  oil  of 
mustard  the  sulphocyanate  C^ffsS-ON', 

When  acled  on  by  oxidizing  agents,  allylic  alcohol  yields 
both  an  aldehyde  and  an  acid,  and  the  following  symbols  indi- 
cate the  reliitions  and  probable  constitution  of  ihe  three  bodies. 

( CM/  cir-  OH^ym,   ( c///  oh-  coy  a,   ( c^=  en-  coyna. 

452.  AcroUin  is  formed  abundantly  during  the  dry  distil- 
lation of  fats  or  similar  glycerides  (474),  and  ihe  pungent  odor 
of  its  vapor,  so  intensely  irritating  to  the  eyes,  is  familiar  to 
every  one.  It  may  be  best  procured  by  the  aclion  of  dehy- 
drating agents,  such  as  phosphoric  anhydride  or  sulphuric  acid, 
on  glycerine,  from  wbich  it  differs  by  2^0. 

{CHfCH-CR,yB-o,  —  2H^0  =  {CHi-CH-COyH.  [495] 

453.  Acrylie  or  Oleic  Series  of  Acids.  —  Acrylic  acid  is  the 
first  member  of  a  large  and  impoi-tant  series  of  acids,  which 
are  associated  with  the  acids  of  the  acetic  series  in  the  natural 
fats  and  oils.  Only  those  members  of  the  series  are  i;icluded 
in  the  following  list  which  we  have  reason  to  believe  are  con- 
stituted like  acrylic  acid.  Of  the  constitution  of  the  other  fat 
acids  of  this  cla^s  we  have  as  yet  no  knowledge. 

Acrylie  Acid  CsM^O^  or  Ho-{CO  CH--G  ff^, 

Crotonic  Acid  C, /{„ 0^  »  Ifo-{ CO- CH=  C^H^), 

Angelic  Acid  C.H^O^  "  Ho-\cO-CH--G^H^, 

Pyroterbic  Acid  C^H^^O^  "  Ho-^CO-CH-C^H^, 

Oleic  Acid  Ci,ff„Oj       «         Ho-{CO-GH'-C^^H^). 

These  acids  are  closely  allied  to  those  of  the  acetic  series. 
Acrylic  acid  under  the  influence  of  nascent  hydrogen  changes 
into  propionic  acid,  and  when  acted  on  by  bromine  it  yields  a 
simple  derivative  of  the  same  compound. 
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Ho-{CO-CH'CH^  +  H-H=  Ho-{CO-CJf^. 

[496] 
Ho-{C0-CH'OH,)  -\- Br-Br  =  Ho-{CO'C^H^Br^). 

Moreover,  when  lieated  with  caustic  potash  aU  the  acids  of 
the  above  li^t  breali  up  into  two  acids  of  the  acetic  series,  one 
of  whicli  is  always  acetic  acid  itself. 

Ho-{co-ch--ch;)  4-  ^k-o-h= 

Ku-{CO-CHs)  +  Ko-{CO-H)  4-  H-H.   [497] 
Ho-{CO-CH-C^H,)  +  iK-0-H= 

Ko-{CO-CHs)  +  Ko-{CO-CH;)  +  H-H.   [498] 
Ho-{CO'CH^CsH.^  +  2K0-H= 

Ko-{00-CH^)  +  Ko-{00-a,H^)  +  HH.  [499] 
Ho-(CO-Cff^C,ff^)  +  2K-0-H=z 

Ko-(,CO-Cff,)  +  £o-(CO-C,H,)  +  H-II.  [500] 
Ho-(CO-CH^C\JI^)  +  2K'0-H= 

Ko-{CO-CH,) -\- Ko-(CO-C,A)  +  H-H.  [501] 

The  alkali  appears  to  act  on  the  olefines  (430),  assumed  to 
exist  in  the  radicals  of  these  compoundt^,  and  replaces  them 
with  H^  (hus  forming  acetic  acid  in  every  case,  while  at  the 
same  time  it  converts  the  oleHne  itself  into  another  acid  of  the 
acetic  series. 

454.  Secondary  Acids.  —  Acids  isomeric  with  those  of  the 
acrylic  series  have  been  obtained  by  means  of  reactions  which 
indicate  the  structure  of  the  resulting  molecules,  and  a  com- 
parison of  the  reactions  of  these  artificial  products  with  those 
of  the  normal  acids  shows  that  the  rational  symbols  we  have 
assigned  to  the  latter  must  be  essentially  correct.  The  sym- 
bol of  oxalic  ether  may  be  written  M-0-{00-CO)-0-Et, 
and  there  are  good  reasons  for  writing  the  symbols  of  the 
zinc  compounds  of  the  monad  radicals  (324)  thus,  (ZreK)-K, 
indicating,  as  is  undoubtedly  the  case,  that  the  group  (ZnlR)- 
acts  as  a  monad  radical.  When  now  a  body  of  this  class  acta 
on  oxalic  ether,  the  following  reaction  takes  place  r  — 

El-0-{CO-CO)-0-Et  +  2(^«»)-R  = 

Et-0'{GO-C'&^)-0-{Zn'&)  +  ^-0-{Z«U).  [502] 
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If  next  water  is  added,  the  product  of  the  last  reaction 
undei^oes  a  si  ill  furliier  change, 

£;i-0'{00'C^,yo-(z„'R)  +  211,0  = 

Zn-O^^H^-\-  im-\-  El-0-(GO-C^,)-0-H,  [503] 

and  the  whole  effect,  as  will  be  seen,  is  lo  replace  one  alom  of 
oxygen  in  the  radical  of  oxalic  acid  with  two  atoms  of  a  radical 
of  the  methyl  series.  Lastly,  if  we  subject  one  of  ihs^e  acids, 
thus  synthetically  obtained,  to  a  dehydrating  agent  {^PCl^  or 
P^O^y  the  result  is  an  isomer  of  the  acrylic  series. 

M-0-{00-XM,yO-ff—  H,0  =  a-0-(C0-CE=3l).  [504] 

Here  91  stands  for  a  dyad  radical  of  the  olefiant  series,  and 
the  symbols  of  the  compounds  which  have  been  obtained  in 
this  way  are  given  below.  By  comparing  these  witli  the 
symbols  of  the  normal  isomers,  the  difference  of  structure  will 
be  evident. 

Secondarj  Adds.  Normat  AcJils- 

Methjl-icrylio  Acid  H'0-(CO-C(Cli^=CH^)  JJ-0-(C0-Cti--CJ1^) 
Methyl-crotonic  "  H-0-{CO-C(CH^).C,H,)  H-O-{C0-ClI--CJJ,) 
Ethyi-erotoaie     "     H-0-(_CaC(C,H^^C,H^  H-O-lcO-CH^CJI^ 

When  treated  with  potash,  the  secondary  acids  break  up  like 
the  normal  compounds,  but  they  only  give  acetic  aeid  when  the 
dyad  radical  is  ethylene,  and  after  writing  these  reactions,  ac- 
cording to  the  models  given  above,  it  will  be  seeit  not  only  that 
these  facts  confirm  the  opinion  already  expres:*ed  in  regard  to 
the  nature  of  the  change,  but  also  that  the  close  coincidence  be- 
tween theory  and  observation  gives  strong  grounds  for  believing 
that  we  have  gained  positive  knowledge  in  regard  to  the 
structure  of  the  bodiea  we  have  been  studying. 

455.  Tertiary  Acids. —  By  means  of  the  following  reaction 
a  second  istHoer  of  crotonic  acid  has  been  obtained,  which  must 
have  a  structure  differing  from  either  of  the  other  two  condi- 
tions of  this  compound.     Compare  [444]. 

{CHfCH-CH^)-Cl!r-\-  K-0'H-\-  H^O  = 
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3,   PnENTi,  Series. 

456.  Benzoic  Alcohol.  —  If  the  peculiar  grouping  of  the 
carbon  atoms  represented  in  Fig.  e  (428)  is  an  essential  char- 
acter in  the  structure  of  the  radical  phenyl  and  its  homologues, 
it  is  obvious  that  tlie  lowest  normal  alcohol  of  this  series,  formed 
after  tlie  type  of  common  alcohol,  must  have  the  compo.-itioa 
represented  by  the  symbol  {OeifiGH^yOH.  This  body  is 
Benzoic  Alcohol,  and  the  corresponding  aldehyde  and  acid  are 
the  welE-knoivn  compounds  Oil  of  Bitter  Almonds  and  Benzoic 

{O^H,-Cff^yO-H,  {C%H^-C'OyH,  {O^tT^GOyO-H. 

Benzoic  alcohol  may  be  prepared  by  treating  oil  of  bitter 
almonds  with  an  alcoholic  solution  of  potassic  hydrate. 

'i{O^ff^'C0yH-\-  K-O-H^ 

{C^H,-C0yO-K+  {G^HfCH^yO-R. 

It  may  also  be  made  from  toluol  (raethyl-phenylie  hydride) 
(434). 

CJlfCH^  +  Cl-Cl  =  {Otffi-Cff.yCl  +  HCl. 

{C^i-GH^yCl  -\-  K'0-H=  KCl  +  {Gt^cCH^'O-H. 

Moreover,  benzoic  acid,  when  acted  on  by  nascent  hydrogen, 
is  reduced  in  part,  first  to  benzoic  aldehyde  (oil  of  bitter  al* 
monds),  and  then  to  benzoic  alcohol. 

The  essential  oil  of  cumin  is  a  mixture  of  cymol,  Gi^Hu,  and 
cuminic  aldehyde,  from  which  may  be  derived  on  the  one  side 
cumyliC  alcohol  homologous  wilhjbenzoic  alcohol  and  on  the 
other  curaiuic  acid  homologous  with  benzoic  acid. 


{G,Hi,-Gii,yo-ir,      (c,ff,,-Goyff,      {G^ff,cOoyo-j£ 

Sycocerylic  alcohol  (Ciiffjr-C^)-^)-^  obtained  from  a  resin 
brought  fi-om  New  South  Wales,  is  sapposed  to  be  another 
member  of  this  series. 

457.  Phenols.  —  By  comparing  the  symbols  of  the  normal 
alcohols,  of  either  class,  as  given  above,  or  slill  better  when 
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exhibited  by  one  of  the  graphic  methods,  the  student  will  see 
that  the  pecutiariiy  in  iheir  structure  confjists  mainly  in  l!ie  cir- 
cumstance ttiat  two  atoms  of  hydrogen  are  attached  to  the 
same  carbon  atom,  to  wliich  the  atom  of  liydroxyl  i«  aUo  united, 
GO  that  when  these  atoms  of  hydrogen  are  replaced  by  an  atom 
of  oxygen,  tlie  radical  oxatyl  H-O-CO-  is  formed  in  the  mole- 
cule, and  tlii^,  as  has  been  shown,  appears  to  be  ihe  acidifying 
principle  of  all  the  organic  acids.  Hence  by  a  very  simple  re- 
placement, nhieli  does  not  alter  the  moleeular  structure,  the 
alcohol  clmnges  into  an  acid. 

Such  now  is  the  structure  of  benzoic  alcohol,  but  such  would 
not  be  the  condition  it'  the  Ho  were  united  directly  lo  one  of 
the  carbon  atoms,  which  form  the  nucleus  of  the  radical 
phenyl,  and  it  can  easily  be  seen  ihat  the  resulting  product, 
CifffO-H,  could  not  change  into  an  acid,  at  least  of  the  oxatyl 
type,  without  disturbing  the  peculiar  atomic  grouping  shown  in 
Fig-  c  (428).      Compounds  thus  constituted  are  called  Phenols. 

Tiie  compound  C|j^-0-//i3  a  well-known  commercial  pro- 
duct, called  carbolic  acid.  The  more  appropi-iale  name  is 
phenylic  alcohol,  siiice  it  is  a  secondary  or  pseudo-alcohol  of  the 
phenyl  serie?,  differing  from  tlie  true  alcohols  in  that  it  does  not 
yield  by  oxidation  a  horaoiogtie  of  benzoic  acid.  As  we  might 
expect,  however,  the  different  hydrogen  atoms  of  the  radical 
may  be  replaced  by  CI,  Br,  or  NO^  and  a  great  number  of 
substitution  products  may  be  thus  obtained,  of  which  the  best 
known  is  the  so-calleil  Picric  Acid  {CsH3(N0^^-0-H. 

Phenylic  alcohol  is  one  of  the  products  of  the  di^  distillation 
of  coal,  and  it  is  procured  for  the  arts,  froni  Ilie  coal-tar  of  the 
gas-works.  It  may  also  be  formed  by  distilling  salicylic  acid 
with  baryta  or  lime,  or  by  the  acliou  of  nitrous  acid  on  aniline 
(167). 

H-0-{00-C,R,)-0-H-\-OaO=C,HrrO-H^Ca-0^fCO. 

Phenylic  alcohol  smells  like  wood-tar  creosote,  and  is  an 
equally  powerful  antiseptic  agent.  Indeed,  it  eonslitutes  the 
greater  part  of  the  so-called  coal-lar  creosote.  There  is  some- 
times associated  with  it  asmallquantity  of  an  homologous  com- 
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pound,  which  baa  been  named  cresylic  alcohol,  and  this  13  Ihe 
only  other  phenol  which  has  as  yet  been  oblained.  It  closely 
reBembtes  the  first,  has  the  symbol  C,IIfO-H,  and  is  therefore 
isomeric  wilh  benzoic  alcohol.  The  student  should  seek  to 
exhibit  by  graphic  symbols  the  difference  in  the  struclure  of 
these  two  iiomeric  compounds,  on  which  the  wide  differences  in 
their  properties  and  chemical  relations  depend,  and  thus  show 
also  why  a  normal  alcohol  isomeric  with  phenylic  alcohol  can- 
not be  produced. 

458.  Acids  of  the  Phenyl  Seriea. —  Benzoic  acid,  formerly' 
exclusively  obtained  by  Eublimation  from  gum  benzoin,  is  now 
more  frequently  procured  from  hippuric  acid  (IC8),  which  is 
found  abundantly  in  the  urine  of  herbivorous  animals.  When 
hippuric  acid  is  boiled  with  hydrochloric  acid,  the  radical  ben- 
zoyl (Ci-ffjO)  in  this  amide  changes  place  with  Ma^ffOM, 
and  the  products  are  glycocol  and  benzoic  acid.  Only  two 
other  acids  of  this  series  are  known.  The  normal  series  proba- 
bly includes 

Benzoic  Acid      //-0-(CO-Ce/^), 

ToluyheAcid      H-0-iCO-C,H,)    or  ff-0-iOO-C„ff,-Cff,), 

CuminicAcid      S-0-{CO-C,ff,,)  or  H-0-{CO-C^II,-C,H,). 

This  class  of  compounds  has  been  comparatively  little  studied, 
and  future  investigation  will  probably  bring  to  light  not  only 
other  members  of  the  series,  but  also  other  series  of  related 
acids',  differing  from  the  normal  compounds  by  peculiarities  of 
structure  or  slight  variation^  in  composition.  One  such  com- 
pound is  already  known,  and  this  bears  the  same  relation  to 
benzoic  acid  that  crotonic  acid  bears  to  acetic  acid, 

N-O-(CO-Cffs),  ^'^'^'^^',0'lfi^'^'^' 

H-0'{CO-C,m,  H-0-(CO-C,fffC,H:) ; 

Benzoic  Acid.  CUniuiiic  Add. 

and  when  heated  wilh  potassic  hydrate  cinnamic  acid  breaks  np 
into  benzoic  and  acetic  acids,  thus  :  — 

M-0-(_CO-C^IfyG^H^)  +  •i.K-0-H= 

K-0-{CO-C^H,)  +  K-0-{CO-CH^)  +  H-H.  [507] 
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Salicylic  acid  is  another  compound  belonging  to  the  phenyl 
group,  and  ils  relation  to  benzoic  acid  is  indicated  below.  The 
volatiie  oil  of  meadow-sweet  (SptrtBa  idmaria)  is  supposed  to 
be  the  aidehyde  of  this  acid,  and  the  oil  of  wiatergreen,  called 
also  chequer-berry  {  Gaultheria  procambens),  ia  methyl  salicylic 
add. 

H-0-[CO-O^H,),  H-0-{CO-C^H,yO'H, 

H-{CO-a,H;)-0-H,  H-0-{GO-C^fr,yO'GIT» 

Oil  of  MBulo«-.we«.  oil  of  Wlnlersreen. 

These  compounds,  however,  being  diatomic,  more  properly 
belong  under  the  next  head. 

DIATOMIC  COMPOUNDS. 
459.    Glycf^s.  —  T\ie  dyad      da  h 

may  combine  with  two  atoms        h        xy      nd  d       n 

hydrates  thus  formed  constitute  h  Is 

which  are  usually  called  glyco      a  d  n   o       ela  he 

wafer-type  have  been  already    xp  a  ned  (4  )      T  w  n 

reactions  illustrate  three  of  the  methods  by  wh   h   h       bod 
may  be  produced  :  — 

1.  C^H,  +  Br- Br  =  CJifBr^  [508] 

2.  CJIiBr^  +  ^Ag-  0-  GJI^  0  = 

2AffBr-\-  C^ITfOi{G^ff,0\  [509] 

3.  G^H,'0^^{G^H^O)^~{-2K-0-Hi= 

nL«:.u.ou=d.  2^-0-(GA0)+  C^BfOi-H^  [510] 


2.  GJliHo,Gl  +  A3-0-C,ff,0  = 

AgCl-\-  G,fff0.f{G,ff,0),K  [512] 

3.  Giff,'Of(G^H,0),H-{-K-0-I/=^ 

M^o^wac  oiy=.i,  K-O-G^ffsO-^  CJJ.^OfH^.  [513] 


The  normal  glyccJs,  like  all  normal  alcohols,  a: 
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dized,  aod  on  account  of  their  diatomic  nature  a  reaction  simi- 
lar to  [442]  may  be  once  repeated  wilh  each  of  these  bodies. 
Every  such  glycol  thus  yields  two  acids,  whose  relations  may 
be  best  indicated  by  writing  the  symbols  as  below ;  — 

H-o-{CHiCir^yo-H, 

EihyUc  Clycol. 

H-0-iaO-CH,)-0-H, 
H-0-{CHiCHiCH,)-0-H, 

Prtpylic  Gijcol. 

H-0-{O0-CH^'CIf.,)-O-H, 

^"""'"'""'if-O'ico-CEfCoyo-Ji, 

H'0-{CO-<J.JJ^CO)-0-H. 

In  these  symbols  those  hydrt^en  atoms  which  are  associated 
with  CO  are  strongly  basic,  and  those  which  are  associated 
wilU  C^,  although  also  typical  and  replaceable  under  certain 
conditions,  cannot  be  displaced  by,  the  usual  metatheiical  meth- 
ods (21).  lu  this  we  find  the  explanation  of  the  fact  stated 
in  (41),  that  the  acids  homologous  with  glycollic  acid  are  only 
monobasic,  although  diatomic  and  the  acids  homologous  with 
oxalic  acid,  both  dibasic  and  diatomic  Of  the  glycols  included 
in  the  list  given  in  Ihe  section  just  referred  to  only  the  first  is 
supposed  to  have  the  constitution  exhibited  above.  It  is  prob- 
able that  in  the  others  the  atoms  are  differently  arranged. 

The  following  derivatives  of  etbylic  glycol  will  further  illus- 
trate the  chemical  relations  of  this  class  of  compounds  :  — 

Cyauhydrine  C^Hi-Ho.  CN, 

Bromhydrine  C^fffHo,Br, 

Dibromhj'drine  (ethylene  dibromide)  CiHfBr„ 
Brorao-ethylic  Glycol  C^ff,-(C^ff,)0,B; 

Sulphur  Glycol  C^H^-Sfff^ 

Compare  also  the  products  of  [509],  [511],  and  [512]. 
460.  Ethyknic   Oxide  or  Ether,  which   has   already  beea 
mentioned  as  isomeric  with  both  vinylic  alcohol  and  acetio 
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aldehyde,  is  another  of  (be  derivatives  of  ethylic  glycol.     It 
may  be  produced  thus :  — 

C^HcO^'Hi  +  HCl=C.JffHo,Gl  -f  H^O. 

[515] 
C^HfHo,Gl-irK-0-H=  G^ffi^O  -j-  7^0  +  KOI. 

The  following  reactions  illustrate  the  remarkable  relations 
of  this  compound  ;  — 

C^fffO  +  If-H  =  G^H^-O-K  [5]  C] 

C^HfO -\-  O'-O  =  H'0'{CO-CEi)-0-H.      [517] 

G.,HfO-\-H-Cl~  C^HiHo,Cl.  [.518] 

CJIi-0  +  H^O  =;  a^Hi-OiH^.  [519] 

It  precipitates  many  oxides  from  solutions  of  (heir  salts. 

MsCli  +  ■i.G.,HiO-\-  2H.,0  = 

%C^H,^m,Gl-\-Mg'Oi-H^.  [520] 
By  expressing  these  reactions  in  a  graphic  form  the  student 
will  see  that  they  are  all  possible  without  a  disruption  of  the 
original  molecule,  and  this  accounts  for  the  great  difference 
between  the  behavior  of  elhylenic  oxide  and  that  of  ethylic 
ether,  which  in  other  respects  is  similarly  constituted. 

461.  Condensed  Glycols.  —  The  peculiar  constitution  of 
ethylenic  oxide,  just  referred  to,  gives  ri^e  to  a  class  of  glycols 
in  which  the  basic  radical  consists  of  two  or  more  atoms  of 
ethylene  soldered  together  by  atoms  of  oxygen  (38).  Thus, 
representing  ethylene  by  Et  =  C^H„  we  have, 

Glycol  m-Ofll^ 

Diethylenic  Glycol    {Et-0-FA)--OfH„ 
Triethylenic  Glycol  {Et-O-Et-O-EiyOfHj, 
T!aivtthy\^nKG\y<:o\{Et-0-Et-0'Et-0-EiyOfH^ 
'Peat&ihj\emaG\yco\{Et-O-Et-O-El-0-Et-0-Et)--0fH^. 
Hesethylenic Glycol  {El-O-El-O-Et-O-Et-O-El-O-EiyO^^H^. 
These  bodies  are  formed  by  direct  synthesis  when  glycol  and 
ethylenic  oxide  are  heated  together  for  many  days  in  sealed 
tubes,  but  they  are  more  readily  produced  by  the  following 
reactions :  — 

C^H^'Br^  +  O^H^Hoi  =  2€Ji^rMo,^,        [521] 
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C^(Ho,Br  +  (  C^i-0-C^H,yHo^  = 

\c^HcO'C^HiO-CJ{,ymi  ~\-  HBr,  [523] 
and  so  on. 

The  last  reactions  are  also  obtained  by  heating  together  the 
original  factors  in  closed  lubes.  The  several  changes  succeed 
each  otiier,  and  thus  more  and  more  complex  molecules  are 
gradually  built  up.  However  great  the  condensation,  these 
condcn-ed  molecules  contain  but  two  typical  atoms  of  hydro- 
gen, and  when  oxidized  only  four  of  the  H  atoms  in  the  radi- 
cal can  be  replaced  with  oxygen  as  in  the  normal  glycol.  At 
least  this  is  true  of  diethylenic  and  trielhylenic  glycol,  and  with 
these  alone  the  reactions  have  been  studied.  The  symbols  of 
the  acids  resulting  from  the  oxidation  in  the  two  cases  may  be 

{C^HfO-C^O^yO^-R,,     and      {OJI^-O-C^HcO-C^O^YO^^B-^ 

The  compound  {C^H^-O-C^H^yO^  is  also  known,  and  these 
remarkable  bodies  derive  a  special  iuterest  from  the  fact  that 
the  study  of  the  phenomena  which  they  present  has  furnished 
the  key  to  the  explanation  of  the  more  complex  phenomena  of 
the  same  kind  with  .which  we  are  already  familiar  in  the  min- 
eral kingdom. 

462.  Monobasic  Acids.  1.  Lactic  Family  —  This  family  of 
acids,  which  represents  the  first  stage  in  the  oxidation  of  the 
glycols,  is  at  the  present  time  especially  intere'^ting,  because  the 
phenomena  of  isomerirm  have  been  heii"  Mudied  with  more 
success  than  in  any  other  class  of  compounds  of  equil  cora- 
plestily.  According  to  our  view,  the  normil  gljcol  is  one 
which  admits  of  two  degrees  of  oxidation,  as  represented  in 
(459).  Such  a  glycol  may  be  repre-enfed  by  the  general 
symbol  Ho-{  CHf{  GH^)„'CH^yHo,  where  ( CH^)„  =landa  for  any 
define,  and  common  glycol  is  the  first  term  of  the  series,  for 
which  n  ^o.  The  glycols  actually  known,  however,  with  the 
exception  of  the  first,  belong  to  a  different  type,  represented  by 
the  symbol  Ho-{CH^-CH^yHo,  in  which  R  stands  for  a  radi- 
cal of  the  methyl  series,  and  which  is  capable  of  variation, 
not  only  by  changing  this  radical,  but  also,  as  in  the  normal 
series,  by  the  addition  of  ((7^^  between  the  two  carbon  atoms 
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of  the  original  type.  Moreover,  it  ia  evident  thnt  we  might 
have  still  a  ihlrd  class  of  glycols  corresponding  lo  the  general 
Bjmbol  Ho-{CH.i{CI{^\-C'&^YHo. 

From  these  three  classes  of  glycols  we  should  evidently  ob- 
tain, at  the  Urst  stage  of  oxidalion,  three  classes  of  acids,  thus :  — 

NormaJ,  SecouOftry,  Tertjapy. 

H<,'{CO-CH^)-Ho,  I£o-{CO-CH&)-Ho,  m-{CO-C%^-Ho ; 


Ho-{00-[  CH,),-CH%yiTo, 

and  the  term  olefine  may  he  appropriately  used  to  distinguish 
the  succeeding  members  of  each  series  from  the  first.  More- 
over, it  is  equally  evident  that  by  replacing  with  univalent 
radicals  the  hydrogen  of  the  non-basic  hydroxy!  we  may 
obtain  a  whole  gixiup  of  acids  corresponding  lo  eacji  of  the 
members  of  the  above  scheme.  These  last  acids  we  sliall  call 
etheric,  and  we  will  neict  endeavor  lo  show  tliat  the  symbols 
which  have  been  assigned  to  the  known  members  of  the  lactic 
family  of  acids  are  legitimalely  deduced  frem  observed  facts. 

463.  Nonnal  Acids.  —  Only  three  members  of  this  series 
are  known. 

GlycoUic  Acid  Ho'iCO-CH^^-Ho, 

Paralaclic  Acid  Ho-{CO-CH^-CH^yHo, 

Paraieucic  Acid  Ho'{GO-{GII^),-CH^)-Ho. 

The  symbol  of  glycoUic  acid  may  be  inferred  from  that  of 
glycol,  since  Ihe  acid  is  a  product  of  ihe  direct  oxidation  of  this 
diatomic  alcohol.  The  symbol  of  paralaclic  acid  may  be  re- 
ferred back  to  that  of  elbylene,  which  we  assuine  to  be 
(CMfCHj),  by  means  of  the  following  reactions  :  — 

1.  {CJIfGff^)  -f  COOL,  =  Ol-[^00-GHi-CU,)-Cl. 

2.  Ol-(00'CJTfCIQ-a-{-SKH'o=  [5241 

^  CUarDpiopiiHiflJe  Chloridi. 

Ko-{CO'CffiOH^)-Ho  +  1KCl-\-H^0. 
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So  also 

CN-{CH^-CH^)-m  +  Km  -\-If^O  = 

ci.nhi.jrm..  Ko-(C'0-Cff,- Cff.yffo  -\-  J^H^  [525] 

The  body  called  paraleucio  acid  was  formed  by  reactions  simi- 
lar to  [524],  using  amylene  instead  of  ethylene,  but  it  had  not 
yet  been  completely  investigated. 

464.  Secondary/  Acids.  —  This  series  includes  the  most  im- 
portant acids  of  the  lactic  family,  and  corresjmnds  to  the  series 
of  known  glycols.  For  this  reason  its  members  are  regarded 
by  Frankland  as  the  normal  compounds.  The  following  are 
here  classed : — 

Glycollic  Acid  Ho-{CO-OHJTyHa, 

Lactic  Acid  Mi>-\cO-CHMeY-Ho. 

Osybutyrie  Acid  Ho-{CO-CHElY-Ho, 

Valerolactic  Acid  So'{CO-CHPry-Ho, 

Leucic  Acid  Ho-{00-CHBuy-Ho. 

Glycollic  acid  may  be  rejrarded  as  belonging  to  both  the  nor- 
mal and  secondary  series.  Under  certain  conditions  it  is  formed 
in  (he  oudation  of  common  alcohoL 


Ai^bo.  2ffo-iCO-CIf^yffo4-2B^O.  [526] 

Cljxollic  Adil. 

The  constitution  of  lactic  acid  is  made  evident  by  the  follow- 
ing considerations.  It  has  already  been  shown  that  the  symbol 
of  aldehyde  must  be  H-{CO'OH^).  When  this  is  acted  on  by 
PCI^  we  obtain  a  compound  isomeric  with  ethylene  chloride  by 
Ihe  reaction 


This  product,  however,  differs  from  ethylene  dilorlde  both 
in  its  physical  and  chemical  properties,  and  it  must  therefore 
be  the  chloride  of  a  distinct  radical,  to  which  has  been  given 
the  name  of  ethylidene.  Moreover,  the  mode  of  its  production 
(190)  leaves  ho  doubt  in  Fegard  to  its  constitution,  and  then  by 
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exclusion  we  fis  the  symbol  of  ethylene  as  well ;  for,  aa  is 
evideni,  the  atoms  G^H,,  lo  form  a  dyad  radical,  must  be 
grouped  in  one  or  two  ways,  either 

-(Cff^-CIf,y,  or  -{CH-CHX 

Ethylene.  ilLylldene. 

Now,  as  the  eyanhydrine  of  etiiylene  yields  paralactic  awd, 
so  the  eyanhydrine  of  ethylidene  yields  eominon  lactic  acid. 

m,CJff^(Cir-Me)  -\-  K-Ho  -\-R,0  = 

Cj^liydrtae,>rE.hjlldene.  Ko-{00-GHMeyIIo  -i^  NH^.    [628] 

We  can  now  interpret  the  following  reaction  by  wliicli  lactic 
acid  is  obtained  from  propionic  acid  :  — 

1.  ffo-{CO-CHfCH^) -^Cl-Cl  = 

Propi..i.Acid.  Ho'{CO-GHCl-CH^  +  HCl. 

C...P.PL...A..  |-529] 

2.  Ho-{CO-CHCl-Me)  +  iKBo  = 

Ko'i  CO-CHMe)-Ho  -\-  KCl  +  HJ). 

We  are  thus  able  to  stiow  to  what  part  of  the  radical  of 
propionic  acid  the  hydrogen  atom  replaced  by  clilorine  be- 
longed. Moreover,  it  is  evident  that  the  acid  which  would  be 
obtained  by  the  action  of  water  on  3  cbloropropionylic  chloride 
(463)  must  differ  from  that  formed  as  above,  and  we  can  under- 
stand the  reason  why.  Lastly,  since  lactic  acid  has  also  been 
formed  by  the  oxidation  of  propylie  glycol,  we  conclude  that 
the  constitution  of  this  body  must  be  Ho\  CH^-CHMe)-Ho,  as 
intimated  in  (4G-3). 

For  the  methods  by  which  the  constitution  of  (he  other 
members  of  this  series  has  been  esiablished  we  must  refer 
the  student  to  more  extended  works.  The  examples  given 
are  sufficient  to  illustrate  the  general  course  of  the  reasoning. 

465.  Etheric  Secondary  Acids.  —  No  secondary  oleline  acids 
are  known,  but  by  simple  raetathetical  methods  we  can  easily 
replace  the  hydrogen  of  the  non-basic  hydroxyl  in  the  com- 
pounds of  this  series  with  various  radicals,  and  the  following 
bodies  will  serve  as  examples  of  the  products  thus  obtained:  — 

Methyl-glycollic  Acid  Ho-{CO-CH^)-Meo, 

Ethyl-lactic  Acid  Ho'loO-CHMeyEto, 

Aceto-lactic  Acid  J&-{CO-CJIMeyAco^ 

1  Ac  =  -{CO-Cnt). 
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466.  Tertiary  Acids.  —  The  following  are  known  :  — 
Dimethoxalic  Acid  Ho-{CO-CMe^)-Ho, 
Ethomethoxalic  Acid                Ho-lcO-CMeEiyHo, 
Diethoxalic  Acid                       Ho  -(  CO-  CEl^yffo. 

Our  knowledge  of  the  constitution  of  these  acids  is  based  on 
the  beautiful  synthetical  method  (454)  by  which  they  were 
produced  by  Professor  Frankland,  who  has  also  obtained 
etheric  acids  belonging  to  this  division,  but  no  corresponding 
olefines  have  been  discovered. 

467.  Isomerism  in  the  Lactic  Family.  —  The  number  of  pos- 
sible isomeric  combinations  in  this  family  of  acids  is  evidently 
infinite.     The  following  are  two  of  the  known  examples:  — 

IIo-{CO'CHFa)-Ho, 


Ho'{O0-CHi-CH.,)-Ho, 
Ho-{00-CHMe)-Ho, 
Ho'iOO-CH^yMeo, 


Ho-{00-CMe^'Ho, 
Ho-{CO-CHii-mo. 

468.  Lactic  Acid  is  by  far  the  most  important  member  of 
the  family  lo  which  it  gives  name,  and  one  of  the  most  common 
of  the  organic  adds.  It  is  the  acid  of  jour  milk  and  sauer- 
kraut, and  is  a  general  product  of  putrefactive  fermentation. 
The  acid  contained  in  the  gastric  juice  and  many  other  animal 
lluids  is  said  to  be  paralactic  acid.  The  salts  of  lactic  acid  are 
very  numerous,  and  those  of  the  bivalent  metals  bind  two 
atoms  of  the  acid  radicals.  By  the  action  of  MI  lactic  acid 
may  be  converted  into  propionic  acid. 

Ih-{CO-CH-MeyHo  -\-  ^HI= 

L^cAM.         ffo-_(CO-CII,-Me)  ■j-B.O-]-  I-I.  [530] 

469.  Monobasic  Acids.  2.  Pyruvic  Series.  —  Two  members 
only  are  well  known  :  — 

Glyosalic  Acid  Ho-{CO-COyH, 

Pyruvic  Add  Ho-{GO-COyMe. 

The  first  may  be  regarded  as  the  semi-aldehyde  of  oxalic  acid, 
a  compound  called  glyoxal  being  the  full  aldehyde,  thus;  — 

m-{co-coyffo,       Ho-(co-ooyH,      ii-{CO-coyK 
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Both  glyoxalic  acid  and  glyoxal  are  formed  when  common 
alcohol  U  oxidized  by  nitric  acid. 


[531] 


Ho-{€H^-OH^  +03  =  H-{C0-C0yH-\-1R,0. 

H^co-coyn-^-  o  =  Ho'[GO-co)-h. 


Glyoxalic  acid  redoeea  argentic  oxide  like  an  aldehyde, 
lasses  into  oxalic  acid. 


Mo-{CO-CO)-H-\-  0  =  Ho-{CO;CO)-Ho.      [532] 


Compare  (479). 
The  relations  of  tlieae 
family  are  equally  close. 


pounda  to  the  acids  of  the  lactic 
ffo-(CO-CO)-ff~\-  H-H^  JTo-{CO-CF.:yHo. 


Ho-{GO-CO)-Me-\-  H-II=  Ho-iCO-CMMeyHo. 


[533] 


470.  Dibasic  Acids.  1,  Suecinie  Series.  —  Of  this  impor- 
tant series  of  acids,  which  representa  the  second  stage  in  the 
osidatioa  of  the  Dormal  glycols,  the  following  members  are 


Onlio  Ada 

J/o 

\CO-C0)-Ho, 

Malonic  Acid 

Bo 

{aO-CH,-CO)-Ho, 

Succinic  Acid 

Ho- 

lco-[CB^\-coyiro, 

Pyrotartaric  Acid 

rn - 

(00-(CH,),-CO)-Hq, 

Adipic  Acid 

Ho- 

{CO-{CB,)i-COyBo, 

Pimelic  Acid 

m- 

ico-{CH,),-aoyHo, 

Suberic  Acid 

B>- 

(CO-(_CH,),-COyBb, 

Anchoic  Acid 

Ho- 

{C!0-{CH,\-coym, 

Sebacic  Acid 

Bo- 

(coica,),'CoyHo, 

Eoccellic  Acid 

Ho- 

ico-^CH,u-coyHo. 

"With  the  exception  of  the  first,  each  compound  in  the  series 
admits  of  one  or  more  modifications,  the  possible  isomeric 
forms  rapidly  increasing  with  the  number  of  carbon  atoms  in 
the  olefine  radical ,  but  the  exact  conalitiition  of  these  Ixxliea  has 
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been  definitely  fixed  in  only  a  few  ca^es.  The  relation  of  the 
normal  aeida  lo  the  olefins  radical;',  which  tliey  are  assumed  to 
contain,  is  indicated  by  the  following  general  syntheiical  method, 
by  whicli  they  may  be  produced :  — 

C)™id=.ftfaaic.L         Ko-(O0-(CJ/,),-C0yKo  +  SJVTTs.  [534] 

Wien,  on  the  other  hand,  these  acids  are  acted  on  by  agents, 
which  determine  the  eliminaiion  of  COj  from  their  molecules, 
they  are  converted  first  into  monobasic  acids  of  the  acetic 
series,  and  then  into  hydrides  of  the  oletine  radicals.  In  some 
cases  the  action  of  heat  alone  is  sufficient  to  produce  the  result, 
but  in  most  cases  the  body  must  be  heated  with  some  caustic 
alkali  or  earth.  It  will  readily  be  seen  that  by  eliminating  first 
one  and  then  a  second  molecule  of  CO^  from  the  dibasic  acid, 
the  two  compounds  on  the  same  line  would  be  successively 
formed.  The  nftme  is  omitted  when  it  is  not  known  that  the 
product  has  been  obtained  by  the  reaction  just  indicated. 


m-(co-coyffo, 

Ho'{CO-H\ 

Fpmiis  Acid. 

H-H, 

Hj-drostn  Q«. 

nb-ico-CK-coyffo, 

Ho -{CO -cm, 

iieUc  Acid. 

CH^, 

Ho-iCO-CMi-GOyHo, 

Ho-(CO-C^H,), 

C,H^ 

Ho-(  CO  -  oj{,i-  coym. 

Suberic  AtSi. 

Ho-{CO-C^,,), 

HsiyiBBe  Hydride. 

So'{CO-^^H^COyHo, 

JIo-(_CO-Qff„), 

o«.S.*.. 

It  will  thns  be  seen  how  closely  the  acids  of  the  s 
aeries  are  related  lo  those  of  the  acetic  series,  and  the  same 
point  is  still  further  illustrated  by  the  following  beauliful  series 
of  reactions  by  which  acetic  acid  has  been  convened  into 
malonie  add  and  the  order  of  the  changes  described  above 
reversed, 

m-(CO-Cff,)  +  Gl-a=  Ho-{O0-GH.,CV)  +  HCL 

Ho-{00-CHiCl)  -\-KCy  =  KCl^Ho-{CO-CH^Cyy  [535] 

Ho-{CO-CH^CM)  +  2KUo=Ko-{CO-CHi-COyKo'[-MH^. 
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In    ihe   same  way  succinic  acid   has    been  obtained  from 
propionic  acid,  and  formic  acid  m»y  be  changed  inlo  oiLalic  acid 
still  more  I'eacUl/. 
2Ho-{CO-H)  +  ^K-0-II=z 

Ko-{CO-C0)-Ko  +  2H^0  -\-  H-ff. 

All.  Succinic  Acid  waa  originally  prepared  by  ilistilling 
amber,  and  takes  its  name  from  the  Latin  name  {sucniiium) 
of  thia  fossil  resin ;  but  it  u  now  generally  obtained  by  Ihe  fer- 
mentali«i  of  crude  calcic  malate.  It  occurs  ready  formed  in 
amber,  in  certain  lignites,  in  some  Tarieties  of  turpentine,  and 
in  several  plants.  Thio  acid  is  a  frequent  product  of  the  oxi- 
dation of  organic  Substances,  and  id  always  formed  logelher 
with  other  products  when  the  fat  acids  are  oxidized  by  nilrlc 
acid.  Succinic  acid  itself  singularly  resists  the  action  esen  of 
powerful  oxidizing  agents.  It  forms,  like  oxalic  aei'l,.  three 
classes  of  salts,  neutral  acid,  and  buper  acid.  When  distilled 
it  breaks  up  into  water  and  an  anhydride. 

Mo-{CO-C^ff,-C0yffo  =  0--{{^CO)^^C^H,) -i^  H^O.  [53G] 

Under  the  influence  of  nascent  oxygen  produced  by  electro- 
lysis it  yields  ethylene  carbonic  anhydride  and  water. 

Ho-(C'0-C\fffCO)-Ho-\-0=  C^ffi-]-2C0^  +  B,0.  [537] 

472.  Dibasic  Acids.  2.  Fumaric  Series.  —  Two  sets  of 
JBOmeric  compounds  are  known  corresponding  to  two  terras  of 
a  series  of  acids,  which  stand  in  the  same  relation  to  the  suc- 
cinic series  that  the  aerylio  boars  to  the  acetic.     Thus  we  have 

Fumaric  Maleic  or  Isomaleic  Acids      Ho-{CO-G^IiCO)-Ho, 
Itaconic  Citraconie  orMesaconicAeids  Ho'{GO-C\HiGOyHo. 

The  first  term  admits  of  only  four  modifications,  and  the 
choice  of  symbols  for  fumaric  and  maleic  acids  is  limited  by 
the  fact  that  when  acted  on  by  nascent  hydrogen  they  both 
give  succinic  acid.  Furthermore,  both  acids  combine  directly 
with  two  atoms  of  bromine,  and  though  the  immediate  products 
of  this  union  are  different,  yet  both  bromo  and  isobromo-succinic 
acids,  as  they  are  called,  produce  the  same  succinic  acid  wheo 
the  bromine  is  replaced  by  hydrc^en. 
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The  seconiJ  term  may  be  varied  in  no  less  than  eleven  dif- 
ferent waja,  and  the  ihree  fommlie  belonging  lo  the  three  known 
acids  cannot  at  present  be  recognized. 

Tliese  bodies,  however,  are  related  to  pyrolartaric  acid,  just  as 
the  first  set  are  to  succinic  acid.  All  three  yield  this  product 
when  acted  on  by  nascent  hydrogen,  and  all  three  combine 
witii  bromine,  forming  brominated  acids  which  hydrogen  con- 
verts into  the  same  pyrotartaric  acid  as  before. 

Fumaric  and  Maleic  acids  are  both  formed  during  the  distil- 
lation of  malic  acid,  from  which  they  differ  only  by  one  mole- 
cule of  water. 
Hq  -(  CO  -  GHf  CHHo  -  GO)-Ho  = 

luii^A^d.       jio-{CO-C^H:fCOyffo-\-H,0.  [538] 

Malic  acid  is  the  acid  principle  of  apples,  and  of  many  other 
fruits.  Fumaric  acid  is  also  found  in  certain  plants,  but 
maleic  acid  has  not  been  met  with  readj  formed  in  nature. 
Ilaconio  and  citraconic  acids  are  products  of  the  distillation  of 
citric  acid.  The  third  terms  of  both  groups  are  products  of 
special  processes  which  cannot  be  traced. 

TRIATOMIC  COMPOUNDS. 
473.  Triatomic  Alcohols,  or  Glycerines.  —  Common  glycerine 
is  the  hydrate  of  the  triad  radical  (Ca/^)i  and  has  all  the  char- 
acteristics of  a  triatomic  alcohol  The  natural  fata  are  mix- 
tures of  various  salts  of  the  same  radicals  associated  with  acids 
of  the  acetic  or  oleic  groups.  When  boiled  with  alkalies  these 
Baits  are  decomposed,  a  hydrate  of  the  radical  (glycerine)  is 
formed,  and  alkaline  salts  of  the  fat  acids  result.  The  last  are 
familiarly  known  as  soaps,  and  such  reactions  are  lei-med 
saponification.  We  can  also  saponify  Ibe  fais  with  plumbic 
oxide, and  then  the  lead  soap  (or  "  plaster")  being  insoluble  in 
water,  while  the  glycerine  is  soluble,  the  products  are  easily 
separated.  The  fats  may  even  be  saponified  by  water  alone,  if 
acting  at  a  high  lemperatft'e,  and  glycerine  is  produced  in  the 
arts  in  lai^  quantities  by  distilling  the  fats  in  a  current  of 
superheated  steam.  The  products  of  the  decomposition  paaa 
over  together ;  but,  in  consequence  of  their  insolubility  and  low 
specific  gravity,  the  fat  acids  separate  from  the  glycerine  in  the 
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condenser.  The  reactioa  in  one  case  is  represented  b^  tlie  fol- 
lowing equation :  — 

"*"'""  { G^H^Y  OfH^  4-  Ht  OH  0,^  ff^  0),.  [533] 

Glycerine,  like  all  Ihe  true  alcohols,  readily  exchanges  ^  of 
its  radical  for  0  under  the  influence  of  oxidizing  agenis,  and 
the  acid  product  h  called  glyceric  acid.  Tlieory  would  lead 
us  to  expect  two  stages  in  this  process,  and  two  corresponding 
acids,  thus :  — 

the  first  heing  triatomic  and  monobasic  and  the  second  triatomic 
and  dibasic.  The  second  acid  has  not  as  yet  been  produced 
by  the  direct  oxidation  of  glycerine,  but  there  can  be  little 
doubt  that  lartronic  acid,  which  is  formed  by  the  spontaneous 
decomposition  of  niiro-tartaric  acid,  is  the  acid  in  question. 

When  acted  on  by  HI,  glycerine  is  converted  into  isopropylic 
iodide. 

{CMfOi/fCffy-m^  4. 5ffi= 

The  relations  of  glycerine  to  allylic  alcohol  and  propjlic 
glycol  are  illustrated  by  [491  e(  se^.j  and  [514]. 

Under  the  action  of  HCl  glycerine  exchanges  Ho  for  CI  in 
two  successive  stages,  and  by  means  of  PCl^  all  three  atoms  of 
Ho  may  be  thus  replaced. 

( C^H.yHoi,    ( Ca  ff.Yffo^  CI,      (  CsHYHo.  Ck,       ( 0,  H,r  C/^. 


The  compound  ( CsHs)-Br3  may  be  formed  by  a  similar  re- 
action, and  by  acting  on  this  first  with  ai^entic  acetate  and  tlieii 
saponifying  the  "acetine"  thus  produced,  glycerine  may  be  re- 
generated. "When  acted  on  by  a  mixture  of  nitric  and  sul- 
phuric acid  glycerine  yields  a  highly  explosive  compound,  nitro- 
glycerine, which  may  be  regarded  as  a  nitrate  of  glyceryl,  or 
{CaH,y-OtiNO^,  (31). 
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Theory  would  lead  ua  to  expect  anhydrides  of  glycerine. 
The  first  anlijdi'ide  (called  Glycide)  would  Lave  the  symbol 
{CsHs)^0,Bo,  and  although  this  body  itself  is  not  known,  sev- 
eral of  what  may  be  regarded  as  its  derivatives  have  been 
obtained. 

io,i/,y-o,ffo,  {c^H,yo,ci,  {C',ff,yoj,   ic^H,yHo,ci,Br. 

By  reactions  aimilar  to  [521  et  «ey.],  condensed  glycerines 
have  been  formed.     Thug  we  have 
(  Cs-ffs-  0  -  C^ff,)i  0:'H„  ( Cs-ffs-  0  -  G,H;  0-  C,ff,)i  Ofiff^ 

which  are  evidently  alcohols  of  higher  atomicity  than  glycerine. 
Like  Bimilar  polybasic  compounds  they  may  be  regarded  as 
derived  from  a  group  of  two  or  three  molecules  of  glycerine 
by  the  elimination  of  a  sufficient  number  of  atoms  of  water  to 
furnish  the  oxygen  required  to  bind  together  the  ba-iu  radicals 
(151).  Continuing  this  elimination  still  further  we  should 
obtain  a  series  of  anhydrides,  one  of  which  is  known,  vizj 
{QiH.f0.i-C^^yO^-H^a.'a&.  also  a  corresponding  chlorhydrine 

The  following  i-eactions  illustrate  the  formation  of  some  of 
the  above  compounds  ;  — 
{CJf,)-'Ho,Clt-]-K'0-ff=C,fffO,Cl  +  ir,0-\-KCl. 

{C^ff,yO,Cl  -\-  HBr  =  {GsH,YHo,B>;Cl.       [541] 
{C:,H,YO,Cl+KI=:=  {C^H,)-^0,I+  KCl 

474.   Ethers  of  Glycerins.  — By  the  action  of  Na-O-CJT^ 
upon  mono-,  di-,  and  Iri-chlorhydrine,  we  can  replace  either 
one,  two,  or  all  three  of  the  atoms  of  typical  hydrogen  in  gly- 
cerine with  ethyl.     The  products  have  been  called  elhylines. 
(C^H^yOf(C,H,),Ff„    (C,H^^O,^(C,H,\II,       {C,ff,yO^(C,H,\. 

By  heating  glycerine  with  acetic  acid  the  typical  atoms  of 
hydrogen  may  be  replaced  by  the  radical  acetyl  in  the  same 
three  proportions ;  — 
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Using  in  a  similar  way  acids  higlieria  the  series,  bodies  similar 
to  the  fals  may  be  produced.  The  natural  oiU  and  fal3  ar« 
mixtures  of  such  salts,  chiefly  those  of  palmitic  steariu  and  oleic 
acids.  The  solid  fata  consist  chiefly  of  slearJnes  and  palmitinea, 
and  the  liquid  fats  of  oleines.  The  so-called  drying  oils,  which 
when  exposed  to  the  air  absorb  oxygen  and  change  to  a  dry  resin- 
ous mass,  are  for  tiie  most  part  "glycerides"  of  acids  not  belong- 
ing to  the  acetic  series,  although  closely  related  to  it.  All  gly- 
cerides, when  lifaled  in  the  air,  are  decomposed  and  yield 
among  other  products  acrolein  whose  penetrating  odor  is 
highly  characteristic.  This  volatile  body  is  formed  abundantly 
when  glycerine  is  heated  with  substances  having  a  strong 
attraction  for  water,  jueh  as  phosphoric  anhydride,  sulphuric 
acid,  or  still  bettei'  acid  potassio  sulphate. 

{C^H.yOfH^  =  2Rfi  -\-  {C^B,'CO)-ff.        [5-12] 

Propjlie  alcohol,  propylic  glycol,  and  glycerine  are  all  closely 
related  compounds,  and  may  be  regarded  as  derived  from  tlio 
Bame  hydrocarbon, 

and  hence  common  glycerine  is  distinguished  as  propylic  gly- 
cerine. Amylic  glycerine,  the  only  other  compound  of  the 
series  which  has  been  produced,  has  not  been  thoroughly  inves- 
tigated. 

475.  THbasic  Acid.  —  A  triatomic  acid  of  this  clasa  has 
been  obtained  from  glycerine  by  the  following  reaction :  — 

CsfffBr^  +  SKaj  =  ZKBr  -f  C^fffCff^ 

[543] 

Dljcerjl  Cyaiiidt.  Fouieio  Trtc«lliiUll»M. 

The  tricarballylic  acid  may  be  regarded  as  the  third  stage  of 
oxidation  from  an  unknown  hesyl  glycerine,  and  aconific  acid, 
found  in  the  roots  and  leaves  of  monkshood,  is  the  correspond- 
ing acryloid  compound. 

Accloid.  Acrjloia. 

Ho-OO-O^H,,  Ho-Oq-CJI^ 
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Acoiiilic  aeiiJ  may  be  obtained  by  cautiously  heating  citric 
&cicl,  but.  at  tbe  temperature  of  1  GO"  it  loses  00^  and  is  con- 
verted into  itacouic  acid,  already  mentioned  nniong  the  dia- 
tomio  compounda. 

(Ho-00)iCiHi  —  CO,  =  {Ho-CO)fCsH^.      [544] 

Citric  acid,  the  well-known  acid  principle  of  the  lemon,  bat 
which  is  also  found  in  many  other  tVuilE,  although  only  tribaaic, 
13  tetpatomie  and  ihei'efore  belongs  to  ibe  next  division.  It 
differs  from  aconiiic  acid  by  only  u  single  molecule  of  water, 

{Ho-CO)tG^H,-Ho  —  Jf,0  =  (_I{o-Cq)fC,ff„     [545] 

and    hence    the    transformations   which    it   undergoes   when 
heated  (472). 

TETKATOMIC  COMPOUNDS. 
476.  Tetratomic  Alcohol.  —  Erjtlirite,  a  white  crystallina 
material  extracted  from  various  lichens,  is  regarded  as  an  alco- 
hol of  this  class.  It  combines  with  the  fat  acid?,  forming 
ethers,  and  it  contains,  as  the  symbol  given  below  indicates, 
four  atoms  of  typical  hydrogen.  The  following  reaction  ex- 
hibits its  constitution,  and  the  symbols  which  follow  show  its 
relations  to  butylio  alcohoL 

C.mHo.  -\-  1HI=       C^ffs'RI     -f  iH.O  +  SI-I.  [5461 

iryUiriU.  BnlylH..  lodo-hjdrfdB. 

C,ff,„0,.  C,H,„0,.        C,B,^0! 

Theory  would  lead  ua  to  expect  three  acids  from  the  oxida- 
tion  of  erythrite,  but  of  these  only  one  is  known.  The  second 
derivative  is  tartaric  acid,  whose  tetratomic  and  dibasic  char- 
acter, already  illustrated  (209),  is  thus  explained:  — 

C.ff,iO,i5,,     C.H.OiO,iH„ff,     C.N.O^OfH,.H^      C.OfOsH,H^ 

Citric  acid,  Ceff,0i"0,=II,B3,  Is  a  horaologue  of  the  unknown 
third  derivative,  and  may  be  regarded  as  derived  in  the  same 
way  from  an  unknown  alcohol  of  this  series. 
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Tartaric  acid  is  closely  allied  both  to  malic  aud  succinic  acid;?. 
Malic  acid  is  a  buiuologuc  of  tartarouic  acid,  and  both  have  al-v 
ready  been  mentioned.  As  the  following  symbols  sbow,  ihey 
differ,  each  from  the  next  in  order,  by  a  single  atom  of  oxygen. 

Ci-ffBt»4,  c\H^o„  c,rr,o„ 

Cj^0^^^^4.  C,B,O^W,^ff,i^  G,ILO^O,m^.Hr 

When  tartaric  acid  is  heated  with  HI  it  is  reduced  first  to 
malic  acid,  and  then  to  succinic  acid,  and  on  the  other  liand  by 
treating  bromo-  and  dibromo-  succinic  acids  witli  water  and 
argentic  oxide  the  reverse  change  may  be  effected.  Tlje  re- 
markable isomeric  modilications  of  tartaric  acids  have  already 
been  noticed  (70),  (85). 

HEXATO.MIC  COMPOUNDS. 
477.  Mannite.  —  No  well-defined  pentatomic  compounds  are 
known,  but  several  hexalomic  compounds  have  been  distin- 
guished, and  it  is  pi-obable  that  many  of  saccharine  bodies  be- 
long to  this  clas?.  By  extracting  common  manna  (the  ex- 
udation fi-om  several  species  of  ash)  with  boiling  alcohol  we 
easily  obtain  a  highly  crystalline  white  solid,  slightly  sweet  to 
the  tasle,  which  is  called  mannite.  This  substance  is  a  hexa- 
tomic  alcohol,  and  its  composition  is  represented  by  the  symbol 
Cj/^iOalflJ.  Its  constitution  is  indicated  by  the  following  cir- 
cumstances; 1.  When  treated  with  a  mixture  of  mine  and 
sulphuric  acid*  it  jields  a  product  similar  to  nitro-glj  cerine 
C^^O^^NO^s-  2.  It  forms  numerous  compounds  with  the 
fat  acids,  in  which,  as  before,  six  atoms  of  hydrogen  are  re- 
placed by  the  acid  radical ;  for  example,  the  symbol  of  the 
compound  with  stearic  acid  is  C^H^lOsl{Cx^ff^O)^.  3.  It  is 
acted  on  by  HI  in  a  similar  manner  lo  ei^thrite  and  glycerine. 
C^HiHo^  -f  1  IHI=  C^H^'HI^  +  C^aO  +  5/-Z  [547] 
4.  By  means  of  oxidizing  agents  mannite  may  be  converted  into 
two  acids,  —  mannitic  acid,  H^W^%GJIf,0,  and  saccharic  acid, 
H^\0^\Gf,Hfi^  —  which  bear  the  same  relation  lo  this  he> 
alcohol  that  glyceric  and  tarlaronic  acids  bear  lo  glycerii 

1  The  products  obtained  Id  [63a],  [546],  and  [S4J],  althonglk  isome 
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478.  Saccharine  and  Amylaceous  Bodies.  —  IVoody  fibre,  or 
cellulose,  siarch,  gum,  and  sugar,  together  wiili  water,  consti- 
tute the  great  mass  of  all  vegelable  organism,  and  are  the 
malei'ials  on  wliich  the  animal  chiefly  subsists.  But  allhouTh 
these  bodies  pky  such  an  important  part  both  in  vegetable  and 
animal  physiology,  we  have  but  little  knowledge  of  iheir 
chemical  constitution  beyond  their  empiiicai  formulfe.  They 
have  been  divided  into  three  classes,  —  In.  Tlie  Amyloses,  in- 
cluding woody  fibre,  starch,  and  gum,  all  of  wbich  are  maierials 
incapable  of  crystallization,  and  for  the  most  part  organized. 
2d.  Sucroses,  including  cane  sugar,  sugar  of  milk,  and  (he 
sugars  from  different  varieties  of  manna,  whieh  have  a  crys- 
talline structure,  but  are  not  susceptible  of  direct  fermenta- 
tion. 3d.  Glucoses,  including  grape  sugar  and  fruit  sugar, 
which,  under  the  influence  of  yeast,  break  up  into  alcohol  and 
carbonic  anhydride. 

These  bodies  contain  hydrogen  and  ox)'gen  in  the  propor- 
tions to  form  water,  and  therefore  have  been  called  the  hy- 
drates of  carbon  ;  but  there  is  no  reason  for  believing  that  the 
atoms  are  grouped  as  this  name  would  indicate.  The  com- 
position of  the  bodies  of  each  class  is  essentially  (he  same, 
and  may  be  represented  by  tlie  following  symbols:  — 

Amyloses,  C^ffaOii    Suoroses,  Cu^jjOu;    Glucoses,  C^j^O,. 

It  is  probable,  however,  that  some  of  them  ought  (o  be  repre- 
sented by  multiples  of  these  formula,  and  several  of  them 
contain  in  addition  one  or  more  molecules  of  water  of  crys- 
tallization. 

The  glucoses  have  evidenlly  the  simplest  molecular  structure 
of  this  class  of  ■bodies.  They  consist  for  the  most  part  of  two 
isomeric  substances  which  are  most  readily  distinguished  by  the 
action  which  [hey  exert  when  in  solution  on  the  plane  of  polar- 
ization of  a  ray  of  light.  One  turns  the  plane  to  the  right  and 
the  other  to  the  left   (85),  and  hence  they  have  been  called 

the  iodides  of  Ihe  uleohol  raditah,  «re  rot  identical  with  them.  If  treated 
nith  Ag,0  and  H,0.  they  are  converted  into  pcendo-aloohols  elmilar  to  iso- 
propylic  alcohol,  and  their  symbols  may  be  written  on  either  of  the  two  types 
represented  in  the  reactions  just  referred  to.     Thus  we  may  write 
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Dextrose  and  Levulose.  They  are  found  mixed  together  in 
honey,  in  llie  juices  of  acid  fruits,  and  in  the  uncrystallizable 
Biriips,  called  molasses,  formed  in  the  extraction  of  sugar,  and 
they  may  readily  be  produced  artiflcially  by  the  aotion  of  dilute 
acids  and  certain  ferments  on  the  different  varieties  of  starch 
and  sugar.  When  common  Btarch  is  heated  with  dilute  sul- 
phuric acid,  it  changes  into  dexti-ose ;  but  a  variety  of  starch  ex- 
tracted from  the  dahlia-root  changes  under  the  same  conditions 
into  levulose.  Cane-sugar  under  similar  influence  forms  a 
mixture  of  dextrose  and  levulose. 

OiAOn  +  ^jO  =  C„^,06  +  C^ff,,0,.        [548] 

The  acid  acta  merely  by  its  presence,  and  remains  unchanged 
during  the  process.  Nitric  acid  oxidizes  glucose  to  saccharic 
or  osalic  acids  ;  and  under  the  influence  of  nascent  hydrogen 
levulose  changes  to  mannite.  We  may,  therefore,  regard  it  as 
the  aldehyde  of  tJiis  hexatomic  alcohol. 

C^ffi^O^  C^fT,iO^  Oeir„0:.  Qff,«0,. 

By  the  action  of  nitric  acid  on  milk,  sugar,  or  gum-arabic, 
an  acid  isomeric  wiih  saccharic  acid  called  mucic  acid  is  formed, 
and  by  the  gentle  action  of  nitiic  acid  on  saccharic  acid  tartaric 
acid  may  be  produced. 

All  the  amylaceous  and  saccharine  bodies  form  more  or  less 
stable  compounds  with  strong  bases,  and  most  of  them  when 
treated  with  a  mixture  of  nitric  and  sulphuric  acids  yield  pro- 
ducts similar  to  nitro-glycerine,  of  which  gun-cotton  (31)  u  the 
best  known, 

479.  Glucosides. — Under  the  prolonged  influence  of  heat, 
glucose  has  been  united  with  acetic,  butyric,  stearic,  and 
benzoic  acids,  and  a  class  of  compounds  obtained  similar  to  the 
fats.  The  compound  formed  with  acetic  acid  is  represented  by 
the  symbol  (  Cefl,0i)t(CsF30)a.  These  glucosides  are  interest- 
ing because  they  are  pi-obably  allied  to  a  class  of  substances 
found  in  many  plants,  which  under  the  influence  of  ferments 
yield  glucose,  together  with  other  bodies.     The  most  important 

1.  Amygdaline,  found  in  bitter  almonds,  together  with  aa 
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nlbuminoua  substance  called  synaptaae,  which  when  the  almond 
meats  are  bruised  determines  the  following  reaction :  — - 
G^B,:I^O,i  +  2/7,0  —Qir^O-^  ffON-\-2C,,If,^0^.    [549] 


2.  Salicine,  contained  in  the  pith  of  the  willow  and  poplar, 
which  in  presence  oi'  certain  ferments  is  decomposed  as 
follows :  — 

Owff,»0,  -I-  If^O  =  Qff^Ot  +  Cn^aOe.  [550] 

3.  Tannine  or  Tannic  Acid,  widely  diffused  in  the  bark  of 
plants,  and  well  known  for  forming  an  insoluble  compound 
with  gelatine  (as  in  tanning  leather),  and  for  producing  a  black 
color  (ink)  with  ferric  salts.  This  body  when  exposed  in  a 
moist  state  to  the  air,  or  treated  with  dilute  acid,  forms  glucose 
and  gallic  acid. 

C^ff^O„  +  iff^O  =  3  C,H^O,  +  CaflisOe.      [551] 

480.  Fermentation.- — This  (erni  is  applied  lo  a  number  of 
remarkable  chemical  processes,  which  depend  upon  the  life  and 
growth  of  a  very  low  order  of  organized  beings,  belonging 
chiefly  to  the  vegetable  kingdom.  These  organisms  are  the 
efficient  part  of  what  is  called  the  ferment  or  yeast.  The  fer- 
menting material  is  their  appropriate  food,  and  the  products  of 
fermentation  are  in  some  unknown  way  determined  by  the 
vital  process,  different  ferments,  that  is  different  oi^anisms, 
producing  different  results.  Moreover,  we  can  frequently  dis- 
tinguish between  (he  growth  and  propagation  of  these  organisms, 
and  the  normal  vital  process,  by  which  the  products  of  fermen- 
tation are  evolved  ;  the  first  requiring  the  presence  of  certain 
matenals,  chiefly  albuminous,  which  otherwise  fake  no  part  in 
the  chemical  change.  The  germs  of  these  living  beings  are 
widely  diffused,  floating  even  in  the  atmoiphere,  and  begin  at 
once  lo  gi'ow  as  soon  as  a  fermentable  liquid  and  the  right 
temperature  supply  the  conditions  of  active  life.  Fermentation, 
therefore,  may  set  in  without  the  apparent  addition  of  any  fer- 
ment, and  on  the  other  hand  the  change  may  be  prevented  by 
sealing  up  the  material  in  air-tight  cans  previously  heated  to 
such  a  temperature  as  wilt  insure  the  destruction  of  all  living 
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The  print-ipal  modes  of  fermentation  nre :  — 

1.  Alcoholic  fermentation  caused  by  a  fungns,  the  Torvula 
cerevisiiB,  commonly  called  yeast,  which  coDvevts  glucose  into 
alcohol  and  carbonic  anhydride,  forming,  however,  at  the  same 
time  a  small  amount  of  succinic  acid  and  glycerine. 

fB^iiOa=  2C3//0O+  2C0^  [552] 

2.  Acetou3  fermentation,  induced  by  llie  Mycoderma  vini,  by 
which  alcohol  is  clianged  into  vinegar. 

3.  Lactic  fermentation,  in  which  the  PeniciUium  glaucum 
converts  saccharine  materials  into  lactic  acid. 

C„^,Oe=2(7sM'>3-  [553] 

4.  Butyric  fermentation,  supposed  to  bo  caused  by  an  animal, 
in  which  lactic  acid,  formed  as  above,  is  changed  into  butyric 

2  O3HA  ~  C,H^O^  +  2  COi  +  2H  H.         [554] 

5.  Mucous  fermentation,  which  sugar  undergoes  under  the 
influence  of  the  "  mucous  ferment,"  giving  rise  to  ihe  escape 
of  carbonic  anhydride  and  hydrogen,  and  the  formation  of 
mannite,  together  with  a  peculiar  gam  and  a  mucilaginous 
substance. 

481.  Condvsion.  —  The  different  forms  of  fermentation  are 
but  lower  modes  of  the  manifestation  of  that  obscure  power  by 
which  animals  and  plants  not  only  prepare  the  materials  of  their 
tissues,  but  also  secrete  from  tlieir  organisms  the  various  pro- 
ducts of  their  vital  processes.  As  has  been  shown,  we  have 
been  able,  to  a  limited  extent,  to  achieve  in  our  laboratories  (he 
same  results,  and  we  can  see  no  limit  to  our  synthetical  meth- 
ods. Nevertheless,  we  have  not  been  able  as  yet  to  produce 
any  of  Ihe  materials  which  make  up  the  great  mass  of  the  tis- 
sues of  all  o(T;aiiized  beings,  and  this,  which  is  true  of  the  gum, 
starch,  and  woody  fibre  of  plants,  is  true  to  a  still  greater  de- 
gree of  such  materials  as  albumen,  caseine,  gelatine,  fibrine,  &c., 
which  are  Ihe  main  constituents  of  the  animal  body.  In  regard 
to  the  composition  of  these  nitrogenized  compounds  we  have  no 
knowledge  except  that  which  may  be  obtmned  by  ultimate 
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analysis ;  and  although  we  have  every  reason  to  believe  that 
future  investigation  will  reveal  their  molecular  constiiution,  so 
far  as  tliey  are  simple  chemical  compomids,  yet  in  most  caaea 
the  sulislance  of  these  bodies  cannot  be  isolated  from  the  organic 
structure  which  determines  in  a  great  measure  ihtir  dijlinctive 
qualilies ;  and  not  only  has  man  never  been  able  to  make  the 
simplest  organic  cell,  but  the  whole  process  of  its  growth  and 
development  is  utterly  beyond  the  range  of  his  conceptions. 
Moreover,  even  in  regard  to  those  simpler  piyxlucts  of  orgauic 
life  which  we  have  been  able  to  I'eacli  by  synthesis,  we  have  no 
knowledge  of  the  processes  by  which  they  are  formed  in  organic 
nature. 

The  vegetable  kingdom  is  a  great  laboratoiy,  in  which  the 
sun's  rays  manufacture  from  the  gases  of  the  atmosphere,  and 
from  a  few  earthy  sails  of  the  soil,  the  different  malerials  which 
the  oi^anic  builders  employ.  The  animal,  unlike  the  plant,  bas 
not  the  power  of  forming  the  substance  of  its  tissues  from  inor- 
ganic compounds,  but  it  receives  from  the  vegetable  laboratory 
the  materials  required  ready  formed.  It  transmutes  these  pro- 
ducts into  a  thousand  shapes  in  order  to  adapt  them  to  its  wants ; 
but  its  peculiar  province  is  to  assimilate  and  consume,  not  to 
produce.  The  nitro^enized  compounds  just  referred  to  are  the 
portion  of  its  food  which  supplies  ihe  constant  waste  attending 
all  the  vital  processes.  The  non-nHTogenized  starch  and  sugar, 
although  they  form  the  greater  part  of  our  food,  are  never  incor- 
porated into  the  tissues  of  the  body,  but  are  merely  the  fuel  by 
which  its  temperature  is  maintained. .  Here,  however,  chem- 
istry stops,  and  the  science  of  physiology  begins. 

In  closing  Ibis  summary  of  facts,  we  mnst  remind  the  student 
that,  as  we  stated  in  the  introduction,  we  have  made  no  attempt 
at  completeness.  Although  the  chief  characteristics  of  all  the 
chemical  elements  have  been  illustrated,  yet  important  classes 
of  compounds  have  been  necessarily  lefl.  untiolieed,  and  this  is 
especially  true  in  the  last  division  of  the  hook.  Organic  chem- 
istry presents  such  a  vast  array  of  facts  that  the  attempt  to 
comprehend  the  whole  field  would  simply  lead  to  confusion,  and 
serve  no  useful  end.  "We  have,  therefore,  iimiled  our  scope  to 
those  classes  of  compounds  whose  molecular  structure  is  well 
understood,  and  our  great  object  has  been  to  illustrate  the 
methods   by  which   a    knowledge    of  (his  structure   has  been 
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reached.  It  is  by  these  methods  that  Ihe  new  philosophy  of 
chemistry  is  chiefly  disiinguished  from  Ihe  olii,  and  to  them  we 
shall  especially  direct  the  student's  attention  in  the  quesliona 
which  follow.  He  should  not  content  himself,  however,  with 
simply  answering  these  questions,  but,  by  an  exliausllve  study 
of  all  the  reactions  wliich  have  been  given,  and  by  a  constant 
use  of  graphic  symbols,  endeavor  lo  become  imbued  wilh  the 
spirit  of  the  philosophy  which  it  has  been  the  object  of  this 
book  to  illustmle. 

Questions  and  Problems. 
Carbon  and  Oxygen. 

1.  Deduce  the  atomic  weight  of  carbon,  aud  state  the  facts  and 
principles  on  which  the  conclusion  is  based. 

2.  When  the  product  of  the  combustion  of  coal  is  CO,  what  pro- 
portion of  the  calorific  power  of  the  fuel  is  lost?     (61), 

3.  Is  the  combination  of  CO,  with  additional  carbon  in  passing 
through  a  raaas  of  incandescent  coal  attended  with  an  evolution  or 
an  absorption  of  heat  ?  Estimate  the  amount  of  the  effect  pro- 
duced. 

4.  Illustrat*  by  examples  and  seek  io  establish  by  reactions  or 
other  facts  the  oxatyl  theory  Athe  constitution  of  organic  acids, 

Carbart  and  Nilrogen. 

5.  On  what  facta  is  the  symbol  of  cyanogen  gas  based  7 

6.  In  what  respects  doei  HCy  resemble,  and  how  does  it  differ, 
from  the  hydrogen  acids  of  the  chlorine  group  ? 

7.  What  is  the  distinction  between  the  two  classes  of  double 
metallic  cyanides? 

8.  Represent  b;  graphic  lymbols  the  constitution  of  several  of  Ihe 
polymeric  compounds  of  cjant^en,  mcluding  the  ferro  and  fem- 
oyanides  of  potassium 

9.  What  proof  is  fumishLd  by  the  reactions  of  (425)  that  the 
amine  and  amide  compounds,  there  mentioned  have  the  constitution 
represented  bj  the  sjmbols  assigned  to  them  ? 

10.  Repeat  the  reactions  given  in  (425),  writing  the  symbol  of 
cyanic  ether  after  tlie  ammonia  type. 

11.  Eepresent  by  graphic   symbols   the   constitution  of  cyanic 
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ether  and  eyanetbolbe  respectively,  and  give  the  reactions  from 
which  tbe  symbols  are  deduced. 

12.  Urea,  when  in  solution  m  water,  changes  into  ammonic  car- 
bonate.    Write  the  reaction. 

Carbon  and  Hydrogen. 

13.  How  many  essentially  different  modes  of  grouping  are  possi- 
ble with  a  carbon  skelehin  of  lour  atoms,  assuming  that  no  atom  is 
united  to  any  one  of  its  neighbors  by  more  than  one  of  its  affinities  ? 
How  many  with  a  skeleton  of  five  atoms,  &o.  ? 

14.  Make  a  table  of  tbe  possible  hydrocarbons  in  series  of  homo- 
logues  and  ioologues. 

15.  How  many  essentially  different  modes  of  grouping  are  posBi- 
ble  with  ihe  compounds  C,//,„  CJi^.  and  Qff,  ? 

IG.  Is  the  niiniber  of  //atoms  in  the  molecule  of  a  hydrocarbon 
necessarily  an  even  number  ? 

17.  Is  any  evidence  given  of  tbe  synthesis  of  mareh  gas  ? 

18.  Why  may  Ihe  three  expresaiona  CJI^-CJI^,  C^H,-CII,  and 
C,//„  reprtsent  identical  compounds  7 

19.  Explain  the  manner  in  which  the  successive  hydrogen  atoms 
of  C^H,  may  be  replaced  by  bromine. 

20.  Write  the  symbols  of  the  different  hydrocarbons  of  the 
phenyl  series  on  the  assumption  that  they  all  contain  the  radical 
C,Hi  united  to  the  radicals  of  the  methyl  series,  and  show  how  many 
isomeric  modifications  are  possible  in  each  case. 

21.  Describe  tbe  metboif  of  preparing  aniline  from  bensol. 

22.  Show  by  graphic  symbols  the  relations  of  the  radicals  allyl 
and  glyceryl. 

23.  Illustrate  by  graphic  symbols  the  relations  of  the  oxygenated 
ta  the  simple  hydrocarbon  radicals,  and  explain  the  principle  stated 
in  (436). 

Monalomic  Alcohols,  tj-e.     Marsh  Gas  Series. 

24.  Represent  graphically  the  constitution  of  the  alcohols  of  the 
marsh  gas  series,.and  show  that  tbe  reactions  of  (438)  sustain  your 

25.  Write  a  series  of  reactions  by  which  the  synthesis  of  propylio 
alcohol  can  be  effected,  starting  with  mineral  substances. 

2G.  Analyze  reactions  [438]  and  [439],  and  trace  the  action  of 
nascent  hydrogen  and  iV,0,  in  these  cases  as  illustrating  their  use 
as  reagents  in  organic  chemistry. 
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27.  What  general  method  of  preparing  the  amioeB  (IGT)  ia  indi- 
cated bj-  [438]  ? 

28.  Show  that  (he  eoostitution  of  acetio  acid  may  be  deduced 
from  [374],  [443],  [448],  and  [440]. 

29.  Write  a  series  of  reactions  by  which  acetic  acid  may  be 
converted  into  propiunic  acid. 

SO.  What  is  the  use  of  P,Of  as  a  reageot  in  organic  chemistry 
[445J? 

31.  Analyze  reaction  [444]  and  show  what  an  important  effect 
can  be  produced  by  the  aution  of  potaseic  hydrate  on  the  cjaoide 
of  a  hydrocarbon  radical.     Compare  [389]. 

32.  What  conclusions  would  you  deduce  from  reactions  [450]  to 
[452]  in  regard  lo  the  consfitution  of  the  fat  acids  ?  Iduairate  by 
developing  in  full  the  rational  formula  of  butyric  acid. 

83.   What  are  the  several  sources  of  palmitic  acid  ? 

34.  Compare  the  constitution  of  iso-hutyric  and  iso  valeric  acids 
obtained  by  [45fi]  and  [457]  with  the  normal  compounds.  Are 
other  isomers  possible  ? 

35.  Write  the  reactions  by  which  metbylic  ether  is  prepared. 

36.  Explain  the  process  of  etherification  as  illustrated  by  [458] 
and  [459].  What  is  the  essential  difference  of  conditions  in  the 
two  reactions  ? 

37.  Write  the  reactions  by  which  commwi  ether  may  he  obtained 
after  [461]. 

3S.  Make  a  table  of  the  different  ethers. 

39.  All  the  hydrogen  atoms  of  methylie  ether  may  be  replaced 
by  chlorine  in  successive  pairs.  Write  the  symbols  of  the  compounds 
thus  formed. 

40.  Analyze  reactions  [461]  as  illnstra^ng  the  use  of  sodium  as  a 
recent  in  organic  chemistry. 

41.  Describe  the  methods  of  preparing  the  compound  ethers,  and 
compare  tbem  with  the  reactions  by  which  mineral  salts  are  ob- 
tained. 

42.  Show  in  what  way  the  presence  of  a  strong  acid  assists  the 
reactions  expressed  by  [466]  and  [467]. 

43.  To  what  does  saponification  correspond  in  mineral  chemistry  ? 

44.  Write  the  reaction  of  water  on  acetic  ether. 

45.  Write  the  reaction  by  which  butyric  anhydride  may  be  pre- 


oy  Google 


QUESTIONS  AND  PROBLEMS.  529 

46.  Write  tlie  reaction  of  water  on  acetic  anhydride. 

47.  Compare  the  effects  of  PCI,  and  PCl^  when  used  a9  reagents 
in  organic  eliemistrj,  so  far  as  illustrated  by  [471]  and  [34]. 

48.  In  what  manner  may  the  haloid  ethers  be  converted  into 
amines  ? 

49.  Chloroform  may  be  regarded  as  the  chloride  of  the  trivalent 
radical  C'll.     Do  you  know  of  any  reaction  which  illustrates  this 

50.  Analyze  the  reactions  by  which  the  aldehydes  are  formed, 
and  show  how  far  they  indicate  the  constitution  of  these  bodies, 

51.  Write  the  reaction  which  takes  place  when  tie  aldehydes  are 
heated  with  potassic  hydrate. 

52.  Represent  by  graphic  symbols  the  constitution  of  the  alde- 
hydes and  ketones,  and  show  that  the  chemical  relations  of  the  two 
classes  of  isomeric  compounds  are  the  result  of  a  difference  of  atomic 
grouping.  Show  also  that  your  theory  of  the  constitution  cf  these 
bodies  is  a  legitimate  Inference  from  the  reactions,  of  which  they 
are  susceptible. 

53.  Illustrate  by  graphic  symbols  the  difference  between  the 
peeudo-alcohols  and  the  normal  compounds  and  the  relations  in  which 
they  stand  to  the  ketones  and  aldehydes  respectively.  Show  that 
the  symbols  assigned  to  the  normal  and  secondary  alcohols  are  le* 
^timatcly  deduced. 

54.  Compare  by  the  graphic  method  the  constitatlon  of  the  three 
classes  of  alcohols.  Take  heptyl  alcohol  with  its  isomers  as  an  ex- 
ample, and  point  ont  the  differences  in  the  carbon  skeletons  of  these 
isomeric  compounds.     In  what  does  a  normal  alcohol  consist  ? 

55.  Make  a  table  exhibiting  the  relations  of  the  different  eom- 
psunds  of  the  marsh  gas  eeiies  including  hydrocarbons,  alcohols, 
acids,  aldehydes,  acetones,  and  ethers. 

Vinyl  Series. 

56.  The  differences  between  the  vinylie  and  etbylio  alcohols  may 
be  referred  to  what  differences  in  the  structure  of  the  carbon  skele- 
ton of  these  two  classes  of  compounds  ?  What  proof  liave  you 
that  such  a  difference  exists  ? 

57.  Compare  by  the  graphic  method  the  difference  between 
vinylie  alcohol,  acetic  aldehyde,  and  ethylenic  oxide,  and  give  the 
reasons  for  j'our  mode  of  grouping  the  atoms. 

58.  Why  should  you  not  expect  to  obtain  an  acid  from  vinylio 
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alcohol  by  the  actioD  of  oxidizing  agents,  irhen  allelic  alcohul  yields 
both  an  aldehyde  and  an  acid  ? 

59.  Write  ihe  reaction  by  which  allylic  alcohol  ia  converted  into 
acrolein  and  acrylic  acid. 

CO.  How  far  ia  the  change  frooi  glycerine  Into  acrolein  attended 
with  a  change  of  type  ? 

61.  In  what  does  the  difference  between  the  structure  of  the 
acids  of  the  acrylic  and  acetic  aeries  consist  ? 

62.  Carefully  analyze  the  reactjona  by  which  different  types  of 
structnre  in  the  acrylic  series  have  been  obt^ed,  and  show  ihjt  tie 
conclusions  reached  are  legitimate. 

63.  How  and  under  what  conditions  does  PCT,  act  as  a  dehy- 
drating agent  ? 

eof 


65.  Give  the  general  symbols  of  the  three  classes  of  acryloid 

Phenyl  Series. 

66.  Represent  the  constitnlion  of  benzoic  alcohol  by  graphic 
symbols,  and  show  how  far  its  structure  resembles  that  of  the  alco- 
hol of  the  ethjlic  series  containing  the  same  number  of  carbon 
atoms.     Compare  the  carbon  skeletons  of  the  two  compounds. 

G7.  Why  ia  it  (hat  carbolic  acid,  although  homologous  with  benzoic 
alcohol,  differs  from  it  so  greatly  in  its  chemical  relations  1 

68.  How  is  toluol  related  to  benzol,  and  by  what  series  of  reac- 
tions may  the  first  be  changed  into  the  last  1 

69.  How  is  cressylic  alcohol  related  to  carbolic  acid  ?  Represent 
with  graphic  symbols  the  structure  of  the  two  bodies. 

70.  Write  the  reaction  by  which  benzoic  acid  is  produced  from 
hippuric  acid  (168). 

71.  Represent  graphically  the  relations  of  cinnamic  to  benzoic 
acid,  and  point  out  the  difference  of  structure  in  the  carbon  skele- 
ton of  the  two  compounds.  What  similar  relations  have  previously 
been  noticed? 

72.  Represent  graphically  the  relations  of  salicylic  acid  to  ben- 
loic  acids.     What  acid  stands  in  a  similar  relation  to  acetic  acid  ? 

73.  Make  a  table  exhibiting  the  relations  of  the  different  com- 
pounds of  the  radical  phenyl,  with  their  posaible  homologues,  and 
show  how  far  the  reactions,  which  have  been  given,  indicate  their 
molecular  structure. 
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Diatomic  Alcohols,  i 


74.  Describe  the  aever^  procesBes  b;  which  the  glycols  may  be 
produced. 

75.  Illustrate  hj  graphic  symbols  the  constitution  and  relations  of 
the  different  derivatives  of  ethylio  glycol,  especially  of  the  chlorhy- 
drines,  bromhydrines,  &c. 

76.  Point  out  the  differences  between  the  chemical  relations  of 
ethjiic  oxide  (common  ether)  and  ethylenic  oxide,  and  show  how  for 
they  may  t>e  explained  by  differences  of  structure. 

77.  Describe  the  reactions,  by  which  condensed  glycols  may  be 
produced,  and  cite  examples  of  (umilar  compounds  from  the  mineral 
kingdom.  VVhat  proof  is  there  that  these  compounds  have  the 
structure  assigned  to  them,  and  why  can  greater  certainty  be  reached 
in  regard  to  the  structure  of  these  bodies  than  in  regard  to  that  of 
the  mineral  products  they  are  said  to  explain? 

78.  Illustrate  by  graphic  symbols  the  structure  of  the  three  chief 
classes  of  acids  of  the  lactic  family,  and  show  in  each  case  how  the 
conclusion  has  been  reached. 

79.  Construct  the  graphic  symbols  of  ethylene  and  etbylidene, 
and  give  the  reasons  for  the  forms  adopted. 

80.  Show  that  the  constitution  of  the  known  glycols  can  be 
inferred  from  that  of  the  acids  of  the  lactic  family. 

81.  What  is  meant  by  an  olefine  acid  7  In  what  way  must  the 
carbon  atoms  in  the  olefines  be  arranged  ?  Show  that  the  conclu- 
sion is  trustworthy. 

82.  Compare  the  reaction  of  potassic  hydrate  on  cyanhydrine  of 
ethylene  and  on  cyanhydrine  of  ethylidene.  Can  you  draw  any 
legitimate  inference  in  these  cases  as  to  the  structure  of  the  results 
ing  compounds  ? 

83.  ExpWn  the  t«nn  etheric  acids.  Has  any  example  of  such 
compounds  been  previously  given  ? 

84.  Represent  by  graphic  symbols  the  eonstitation  of  the  is 
compounds  cited  in  (467),  and  inquire  whether  further  v 
are  possible. 

85.  Write  the  reactions,  1.  of  lactic  acid  on  aotlic  carbonate,  2. 
of  sodium  on  sodic  lactate,  3.  of  etbylic  iodide  on  disodic  lactate. 

8G.  What  is  the  general  action  of  HI  as  a  reagent  in  organic 
chemistry  ?     [530,] 

87.  Write  the  reaction  of  potassic  hydrate  on  cyanide  of  ethylene, 
and  show  how  far  this  establishes  the  constitution  of  succinic  acid. 
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88.  Write  tbe  reaction  which  takes  place  when  one  molecule  of 
CO,  is  eliminated  from  raalonic  acid  by  the  action  of  heat,  or  when 
Buccinie  acid  is  decompoaed  in  a  similar  way  if  heattd  witli  lime. 

89.  Write  the  reaction  when  suberic  acid  is  heated  wiih  escesa 
of  barjta. 

90.  What  is  the  general  action  of  lime  or  baryta  when  heated 
■with  an  organic  acid  ? 

81.  Show  by  graphic  symbols  how  the  acids  of  the  succinic  series 
are  related  (o  those  of  the  acetic  series,  and  describe  the  methods 
by  which  one  class  of  compounds  may  be  converted  into  tbe  other. 

92.  Show  that  reactions  [53G]  and  [537]  confirm  the  conclusion 
already  reached  in  r^ard  to  the  constitution  of  succinic  acid. 

93.  In  what  isomeric  form  may  (he  symbol  of  succinic  acid  ba 
written,  and  what  radical  would  it  then  contain,  in  place  of  ethy- 
lene ?     What  proof  have  you  that  it  does  contain  ethylene  ? 

94.  Succinic  acid  is  formed  when  butyric  acid  is  oxidized  (by 
nitiic  acid).     Write  the  reaction. 

95.  Writo  tbe  general  symbols  of  the  three  classes  of  the  succi- 
nates both  of  univalent  and  bivalent  radicals. 

9G.  What  is  the  characteristic  of  an  acryloid  acid  ?  Show  that 
fumaric  acid  conforms  to  this  type. 


98.  Show  how  far  the  fact  that  both  fumaric  and  malric  acids 
yield  succinic  acid,  under  the  influence  of  nascent  hydrogen,  fixes 
their  symbols.  Show  also  that  tbe  brominated  compounds  may  be 
ditferent;  while  tbe  further  products  obtained  by  the  action  of 
nascent  hydrc^n  on  the  last  may  be  ideniicaL 

99.  Represent  graphically  some  of  the  possible  forms  of  the 
second  term  of  the  fumaric  series,  and  trace  tbe  relations  of  these 
compounds  to  pyrotartaric  acid. 

100.  Compare  the  graphic  symbolsof  succinic,  fumaric,  and  maUc 

Triatomic  Compounds. 

101.  Write  the  reaction  on  8t«arine,  1.  of  solution  of  potassic 
hydrate,  2.  of  plumbic  oxide  and  water,  3.  of  superheated  steam. 

102.  Compare  the  graphic  symbols  of  glycerine,  glyceric  acid, 
and  tartaronic  acid,  and  explain  their  atomic  and  bauc  relations. 
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103.  How  far  do  the  reactions  [514]  and  [539]  indicate  the 
construction  'of  the  basic  radical  of  glycerine  ? 

101.  Write  the  reaction  by  which  the  several  chlorhydrinea  of 
glyceriDe  are  obtained,  and  point  out  their  relations  to  the  triatomic 
character  of  the  compouDd. 

105.  Compare  the  anhydrides  ef  glycerine  with  the  polybasic 
mineral  compounds. 

IDS.  Give  the  eymbolsof  the  three  stearinea  and  the  three  oleinea 
corresponding  to  the  three  acetines. 

107.  Exhibit  by  graphic  symbols  the  relations  of  glycerine  to 
acrolein. 

103.  Compare  graphically  the  relations  of  propjlio  alcohol,  pro- 
pylic  glycol,  and  glycerine. 

109.  A  normal  alcobol  may  be  converted  into  an  acid  either  by 
oxidation  or  by  a  reaction  similar  to  [543];  compare  the  results 
obtained,  and  show  the  bearing  of  the  facta  on  the  oxatjl  theory  of 
organic  acids. 

110.  Write  the  symbols  of  the  different  acids  which  might  theo- 
retically be  formed  by  the  oxidation  of  the  asEumed  hexyl  glycerine. 

Ill     Compare  the  graphic  symbols  of  tricarballyhc  and  aconitie 

112,  Compare  the  graphic  symbols  of  citric,  aconitlc,  and  itaeonic 
acids,  and  e:iplain  the  change  of  the  first  into  the  last  through  the 
second. 

Telratomk  Akohols,  ^c. 


114.  When  tartaric  acid  is  reduced  by  HI,  it  changes  first  into 
malic  and  then  into  succinic  acid.  Write  the  reactions  and  inquire 
how  far  they  aid  in  establiahing  the  constitution  of  the  bodies  in- 
Tolved. 

115.  Compare  the  carbon  skeletons  of  one  or  more  of  each  of 
the  classes  of  acids  which  have  been  studied,  and  show  that  the 
variations  are  limited  to  a  few  principal  types.  Then,  by  attaching 
atoms  of  H,  Ho,  NH,,  COHo  or  O  to  these  skeletons,  illustrate  the 
rekticna  of  the  various  classes  of  compounds  which  may  be  formed 
around  a  common  nucleus. 
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TABLE    I. 
FRENCH    MEASURES. 

Meamres  of  Length. 


1  Kilometre 

=: 

1000  Metres. 

1  Heetoraetre 

= 

100 

1  Becamelre 

= 

10 

1  Metre 

= 

1        " 

1  Kilometre 

^ 

0.6214  Mile. 

1  Metre 

= 

3.2809  Feel. 

1  Centimetre 

= 

0.3937  Inch. 

Tlie  me 

treis 

one  ten-millioiH] 

1  Metre  =  1.000  Metre. 

1  Decimetre  =  0.100      " 

1  Centimetre  =  0.010      " 

1  MUlimelro  =  0.001      " 


LogHrithinB.  Ar.  Co.  Log. 

9.7933  712  0.20G6  ISS 

0.5159  930  9.4840  070 

9.5951  742  0.4048  258 

-milliuaili  of  a  quadrant  of  the  glube. 


Measures  of  Volume. 

1  Cnbic  Metre  m?     =     1000.000  Litr 

1  Cubic  Decimetre      67m.'     =  1.000       " 

1  Cubic  Centimetre    cTm:'    =         0.001 


1  Cnbic  Metre           =  35,31660  Cobic  Feet. 

L(«Mitlimi. 
1.5479  790 

Ar-  Co,  lAV- 
8.4520  210 

1  Cubic  Decimetre   =61.03709  Cubic  Inches. 

1.7855  226 

8,2144  774 

1  Cnbic  Centimetre  =    0.06103      " 

S.T855  226 

1.2144  77* 

1  Litre                         =    0,22017  Gallon. 

9.3427  581 

0,6573  419 

1  Litre                      =   0.88066  Quart. 

9.9448  083 

0,0551  917 

I  Litre                      =    1.76133  Pint.. 

0.24S8  407 

9,7541  593 

1  Kilogramme    ^  lOOO  Grammes. 
1  ^ctogrunme  =   100         " 
I  Decagramme  =»     10         " 


FRENCH    WEIGHTS. 

1  Gramme  =  1.000  Gramme. 

1  Decigramme  =0.100  " 
1  Centigramme  =0,010  " 
1  Milligramme    =  0,001 


Logiriliims.  Ar.  Co,  Log. 

1  Kilt^amme  =   2,20462  Ponnila  Avoirdupois.    0.3433  337  9.6566  663 

I            "             =    2.67922       "        Troy.                 0.4280  083  9.5719  917 

1  Gramme       =  15,43235  Graing.                         1.1884  321  8.8115  679 
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ELEMENTAEY    ATOMS. 


Perte-ul 

n 

^1 

^^«. 

1 

h 

Cut 

Hg 
Ca? 
Srf 
Ba? 
Pb? 

'tl 

Cd 
01 
Y? 

E? 

Cit 

La? 
D? 

Nif 

a? 

M-t 
Pel 
Cr? 
Ai? 
Eu? 
Osf 
Bh 
Irf 
Pdf 
Pi? 
Tif 
Sn? 
Zr? 
Th? 
K? 
C? 

II 

IlorlV 
IV 

Hydrogen 

19.0 

I:J7.0 
7.0 
23.0 

iOi.a 

197.0 
11.0 

no 

31.0 
75.0 

122.0 
210.0 
51.37 

laao 

94.0 
1B2.0 

F-F 

a-ci 

Br-Br 
M 
Li-Li 

N^Na 

K-K 

Ri^iib 

Ca-C> 

Ti-m 

B^-Bf 
AW 
PJP, 

mi 

V-.Vf 

u-.m 

I 

I  or  III 
UI 

III  or  V 
V 

Copper 
Me    «ry 

2*0 

2 

9S0 
58  8 

56  0 
12  2 

104  4 
196  0 
10fi6 
'97  4 

1180 

2314 
28  0 
121 

Fluorine 
Chlorine 

Iodine" 

Lead 

Lithium 
Sodium 
Potassium 
RabMium 

&■"" 

it    UN 

Erbaa 

Silver 

ThaUium 

Gold 

Boron 

Ddyaui, 

Aiseoic 
Bi"mulh'' 

^    kel 

Coble 

rj--' 

Uraninin 

Chromium 
Aluminum 

Taoldmn 

hhodium 
Indmm 

ElemeoU. 

16.0 
33,0 

79.4 
128.0 

Se-Se 
W? 

II 

UorVI 

VI 

Plat  num 
Tiianium 
lin 

Oxygen 

Sulphur 
Tellwiam 

Thonum 

Tncigsten 

&d.«,n 

Carbon 
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Specific  Gravity  of  Gases  and  Vapors. 


NuneB, 

B;rinbi>lB. 

Sii.Gr 

Sp.Gr 

I'oo 

I-OO 

LogB- 

Hydrog.^ 

Jf-ff 

1.000 

oioooo 

Acotjllc  ChloridB 
Arelio  AnhydTiie 
AcetiDAcid 

U-0-C,H,O 

317 

S2.10 
41.42 

89'.25 

1.3424 
1,5S38 

18.^ 
27. 

134.80 

133.90 

2!4272 

AnMmonloiis  Chlooite 

?:L 

112,70 

104.t0 

2.0577 

Triethytuaioe 
Kniodjl 

Arseuioiu  Iodide 

AsiA,, 
ICH,UAHCH,],A, 

2.m 

76.3fi 
102.60 

150.00 
39.C0 
M.0O 

soils 

22S.0O 

LBOll 
1.9086 
2.0212 
1.B578 
2.3579 

Bismuthom  Chlorid* 

si^a. 

11.S5 

168.9r> 

159,2& 

2-1984 

Boric  M»thid8 

Bpdc  Pluorido 

Boric  Itronilde 
Methi-llc  Derate 
EthjHc  Uorate 

(Cff,),=B 

8.401 

8.78 
3.59 

4910 
66.65 
BlisO 

49I00 
58.76 
62.00 

1.7680 
lillOO 

Bi-Br 

2-n 

£910 

»:m 

\^t 

Ph^^'tM 

IS 

[C-C]lck 
(C=qic!. 

CIO, 

if 

6^82 
0,937 

49:06 
117.70 
84.00 

13,95 

88,17 

eloo 

88.00 
47.60 
14.00 
22.00 

0.8031 
1.6948 

1.9191 

11161 

1.5793 

CubDnlc  Oiida 
CuhoDic  AnhjUiida 
CMbmlc  Sulphide 

KnlioclilmleAcM 

H-a 

I's? 

35.22 
18.32 

18.25 

liseia 

Chromic  Oljehloride 

oto„  a. 

6.6 

7S.40 

7T.B 

1.8935 

Cotmnblc  Chloride 
Colnmblc  Oiychlorida 

at  0,0, 

T*9 

114.00 

135.70 

2I0342 

CrBDOge- 
HjdpocjBiie  A^A 

%CN 

1,S06 

26.05 

^^ 

1.1100 

Ethjl 

Ethyllo  ChlMid. 
EChjUc  Oxide  (Ether) 
Bthyllc  HydrRle  (Alcohol) 

ic,H,)-a 

(C,Jf;l,=  0 

2,0 

a7!32 

a2!25 

1.1624 
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